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ANALYSIS OF CHROMOSOMES IN TWO GENERA^OF MICROHYLIDAE 

(AMPHIBIA: ANIJRA) • 

by A. R. Kasttjri Bai, Deparimeyit of Zoology, Central College, Bangalore 
(Communicated by B. R. Seshachar, F.N.I.) 

(Received June 10, 1955 ; read January 1, 1956) 

Introduction 

Microhylidae are closely related to Phryiiomeridae and they have retained a 
few primitive features which have been lost by the Ranidae. Members of this 
family are cryptozoic and rnyrmecophagous in habit and (heir distribution ranges 
from Ceylon, Southern and Eastern India to South-East ITnited States and Rio de 
la Plata (Parker, 1934). The genus Microhyla is common to both Asia and America. 
In spite of the fairly wide distribution of members of this family, the chromosome 
numbers of only two genera are known. Makino (1951) cites only one in his Atlas, 
i.e. Cacopoides tornieri (Sato, 193()). More recently, Gowda (1948) has described 
the chromosomes of IJperodon sydonia. Two closely allied forms, RamanelUi varie- 
gata Stoliczka and Microhyla rubra Jordon, were chosen for study as they were 
easily available in Bangalore. 


Material and methods 

Specimens were collected throughout the year. The testes in both species are 
situated in the abdominal cavity attached to the anterior region of the kidney by 
peritoneal folds. They are small, white, ovoid bodies 2-3 mm. in length and are 
larger in size during the breeding season than in the dry months. 

The testes w(‘re lixed in Bouin’s fluid, Carnoy’s fluid and Flemming with acetic 
acid. Paratlin sections were cut \i)p in thicknovss and stained in Heidenhain's 
haematoxylin but squashes gave better results. Testes fixed in Carnoy for twenty 
minutes were hydrolysed in normal hydrochloric acid for 10 minutes at 60 '^C. and 
stained in Fculgen’s leucobasic fuchvsin for one hour and squashes were made. 
Aceto-orcein squashes were also made. Observations were made using 90 X and 
120 X Zeiss oil immersion objectives and 10 x and 20 x eyepieces. The lengths 
of the chromosomes were measured on camera lucida drawings made at a magni- 
fication of 5,700. They were reduced to half their size in reproduction. The analysis 
was carried out on the same basis as that by Tobias on the albino rat (1947) and 
Tatera branisii (1952). 


Observations 

The diploid number of chromosomes as determined in spermatogonial meta- 
phase plates in both Ramaiiella and Microhyla is 26. In a number of sper- 
matogonial prometaphase and metaphase nuclei, 26 chromosomes have been 
counted in both genera. There are 13 pairs of homologous chromosomes and the 
number was confirmed by counting 13 bivalents in diakinesis and metaphase I of 
meiosis. No sex chromosomes could be identified. 

Pigs. 1 and 2 are prometaphase and metaphase plates of spermatogonial nuclei 
of Microhyla, By studying a number of spermatogonial metaphase plates 7 pairs 
of metacentric ctmomosomes and 6 pairs of acrocentrics have been observed* The 
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niotaceriiric chroinosornc^ witli (‘<jual arms have been ternuMl V-shaped while the 
chromoBomes with urn cjual arms have been called J -shaped. There are n pairs ot 
V’' shaped and 2 pairs ot .sha}>ed elinjuiosomes (Fig. 2). 


t 



Fkjs. 1-4 


Fig. 1. V rofiK'tupJuiHO an<i - nnaaphuso plat oh of Hpt'rmatOj^(')nial rnioUa of Microhyla 

rubra. *^,850. Fnul^(Mi. 

,, a. rroiiit.'lupluiHo Hful 4 tiK^aphaso platcvs of Hi^oniiato^oiiial niioloi of Rcunanclla 

variegata. x2,srK). 

It may be nicaitioned that the' four fl-shaped chromosomes ar(‘ longer tlian the 
metactnitricB with ecjual arms. 'Jdie size range* ot llu* Ibiir ehiomosomes sliown in 
Fig. 2 is 4■•0-' 4-7^4. Tlu^ lengths ot the te*n metaeentries with ecnial aims vaiy from 
2-4 to 4-0/i. The si.\ pairs of aeroeentrics range* IVom 1-4 to IbbjLi,. Among Ihesci 
the chromosomes of one pair me'asure 3*S and ‘b9/t resp(*ct iv(‘ly. Two ])airs are* of 
the same length and measure l4)/4. The total length of all the twe*nty-six ehromo- 
sonms is 724bi. 

The lengths of the chromo.some*.s in six spermate^igeinial metaphase plates have 
been mtaisiired anel a com])osite graph .4 has been elrawn inelieat ing their maximum 
and minimum lengths. In all the six plates, the J-shapeel eliromosomes are longe'r; 
the size range is 4-(t to 7 ()/.t. The metact'iit rics with ecpial arms vary from 2*4 to 
b’O/x. Two pairs of aeroeentrics an* of the same limgth and the size range for the 
six pairs is 1*4 to 5-4^4. 

Figs. ,4 and 4 are prometaphase and metaphase plates of spermatogonial nuclei 
of Ramanflla varirgaia. There are eight pairs of metaeentries and i'lvv pairs of 
aeroeentrics. 

It may be noticed that the two pairs of J-shaped chromosomes are longer than 
the V-shaped metaeentries and measure 44)-4*4p, but the third J-shajied ])air is 
in length. The metac(*ntrics with equal arms vary from 2*4 to 4*t)/x. The 
five pairs of aeroeentrics vary from 1*4 to 2-2/t. Tlu* total l(*ngth of the 26 chromo- 
somes in Ramanella is 71-r>/x. The composite graph B represents the size range of 
the chromosomes of RamanvUn , as seen in six spermatogonial plates. The two 
pairs of J-shaped chromosomes vary from 4*0 to 6*3/x and the thiid pair, 3*3 to 4*4^. 
The V-shaped metaeentries range from 2*1 to 4*7/a while the aeroeentrics vary from 
1*4 to 2*9p. 
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Graph A ilkiHtrates tho loiiglh variations of tho 2fi spormatogonial ohromosomos in 
MicrohyUt rubra in six motaphaso platos oxaminod, vScalo 1 cm. — IfA. 



chromosomes 

Graph B illustrates the length variations of tho 26 spermatogonial chromosomes in 
Ramanella variegata in six motaphaso plates examined. Scale 1 cm. — 1/i. 

On comparing the lengths of the chromosomes of the two forms, it is found 
that the smallest acrocentric measures l*4/x in both; but the size range of the acro- 
centrics is l*4-2*9/x in Ramanella and l*4-5*4fi in Microhyla. The number also 
varies; six pairs in Microhyla and five pairs in Ramanella, One pair of J- shaped 
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chromosomeH is longer tfian the V-shaped metacentrics in both; 3 pairs of J-shaped 
chromosomes arfi fon id in RariianeUa while onlj^ two pairs are observed in Microhyla, 
The nurnb<‘r of the :n(‘iaeentricH with equal arms is the same in both species. 
Table 1 shows the si^.e rang(‘ and shax)es of the 13 pairs of homologous cliromo- 
somes of Microhi/lit rifhra ajid 3'able 2 shows those of RarruDiella varicgata. Table 3 
sunimari/es the important clifferenccs between the two sj)ecies. 

Table 1 

'FabU showing size range and shapes of the J-i jviirs of homologous chromosomes of 

Microhyla nihr/i 


...... 

mM irrohgla rubra 


Diploid 

No. 26 

I'air 1 . . 

4-7 -7-0/a 

J-sIiapod. 

Pnir 2 . . 

40 O-O/t 

J-sliaj)tid. 

Hair 3 . . 

4-0 00/4 

V’^-shafanl. 

Pair 4 . . 

3-5 -r> 0/x 

V^-shapod. 

Pair f) . . . I 

3 0 4 4/x ' 

V'^*sha[)od. 

Pair f) . . 

L**7-40/4 

\’-.s}iapful. 

Pair 7 . . 

Pairs H, 0. 10, 11, ll> 

2 0 3 5/4 

\ -siiapod. 

and 13 

1*4-5 4/4 

Aarocaiitric. 


T A Ilia: 1 


Table shou'ing size range and shapes of the J.j pairs of homologous ehro}UOSO)nes of 



Hamanalla \ aricjj:ul u 


iiatm 

neila rariegatu j 


Pijdoid 

No. 26 

Pair 1 

4 1 

0 3/i 

J-shapnd . 

Pair 2 

4*0 


.1 -sha[)fwi . 

Pair 3 

3S 

4 7,. 

\' -s])a fH'd . 

Pair 4 

3 3 

4-4,. 

,) -.sha|)(‘<l . 

Pail* 5 

2-S 


1 \’-s]ia|Kal. 

Pair 0 

. . 1 20 

:(.V 

1 V-shap«‘d. 

Pair 7 

! 


\ --,hap<‘d . 

Pair S 

; 2 *1 


\" -shaped . 

Pairs 

0, 10, JJ, 12 



and 

13 1*4 

-20,. 

A(!rocaiitri( 


I'ahli*: 

:( 



Table showing the different s hctireen the ehrnmosomcs of Microliylo rubra and 

Uitmanclla v;\ri<‘^a(a 



Ixattuinella 

variegata 

Microhyla 

rubra 

Chrimiosomo iiumbor 

20 

26 

Niimln'r of larp;o rnotaoentria 
olirornosoinos . . 

8 

12 

Number of small motacentrie 
c'hromosomes . . 

1 

8 

2 

Number of aeroeentric ebro- ] 
mosomes 

10 

12 

Size range, meUieeritrie.s 

2l-6’3/x 

2-4-70/1 

Size range, aerocentries 

1-4-2 9/i 

1-4-5-4/1 

Total size range , , 

1-4-6-3/x 

\’4r-10p 
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SUMM.AJRY AND CONCl,DSIONS * 

The diploid number of chromosomes in RamayielUi ft^ariegaia and Microhyla 
rubra is 26. There are 8 pairs of metacentrie chromos(#nes and 5 pairs of aoro- 
centrics in R. vanegafa wJiereas there are 7 pairs of metacentrics and 6 pairs of 
acroceiitries in M. rubra. The chromosome lengths of the two species in mitotic 
metaphase have been measured. 

The main dillereuces between the chromosomes of the two species are: 

(a) There is one more metacentrie chromosome (J-siiapcd) in R. variegaia 
than in M. rubra. 

{b) The total length of the 26 chromosomes is 721)/x in Microhyla and 
71-5/x in Raiuanclla . 

It is difficult, with the available information, to evaluate the significance of 
these ditferenoes or to account for tiuun. i\Iorj>hologis(s believe that MicrohyUi 
is perliaps mor(' primitive than Kamam'lla (Noble, WY.W) and chromosome analysis 
ot more species ol this family is desirable b{‘fore any conclusions can bo drawn. 


AcKN O W I .K rx J EM KN T 

I am thankful to Proh^ssor B. R. Seshachar for suggesting the problem and for 
his guidaiK'e and encouragcmicnt. 


References 

Gowda, Bole (1948). Tho sperinatogonosiH of Uperodon systonui. M.Sc. thesis, Mysore 
University. 

Makiiu), S. (1051). An atlas of tho chrornosomo numbers in Jinimals. Iowa State Collogo Press, 
Arnes, Iowa. 

Noble, G. K. (1931). Tla? Biology of tho Amphibia. McGraw-Hill. 

Parker, 11. W. (1934). A monograph of tho frogs of tho family Microhylidao. British Museum 
(Natural History), f.,ondon. 

'Pobias, P. V. (PH”)- charaetorizat ion of tho spormatogonial chromosomos of tho albino 

rat. S. Afr. J. Sc\, 42, 312 319. 

Tobias, P. V. (1952). 'Pho chromosomal (jomploment of tho gerbil Tatera brant&ii Draco. S 0 
Afr. J. NV.,48, 300-372. 


Isstied September 14. 1956. 



MORPHOLOGY oi. PALLAVICINIA WITH REFERENCE TO ITS 
SPECIES PROBLEM AND THE INDIVIDUALITY OF 
PALLAVICINIACEAE i 

by P. Kaohboo, Assistant Botanist, Damodar Valley Corporation, Burdwan, 

India 

(Communicated by I. Banerji, F.N.I.) 

(Received March 18, 1955; rewi January 1, 1956) 

Pallavicinia with about 40 species is spread over tropics of both the hemi- 
spheres. Stephani (1900-24) divides it into two sections: Procumbentes (Eu- 
Pallavicinia) and Dendroideae (Miitenia). In India it is represented by 7 species 
with restricted distribution (see Chopra, 1943). 

The present investigation gives a morphological account of P. amhigua (Mitt.) 
Si,, P. Lyellii (Hook.) Gray and P. longispina St. The development of sex organs 
has been studied in detail in P. arnhigua and P. Lyellii. In case of P. longispina 
a study of archegonium was made from herbarium specimens and the stages avail- 
able do not suggest any marked deviation from the general plan for the genus. 
Since the development of sex organs follows the usual plan described for other 
Anacrogynous Jungermanniales it is thought desirable to omit the figures so 
common in literature. A study of variations of certain characters of thallus includ- 
ing the structure of antheridial scales (except in P. longispina, where male plants 
were not available), involucre and perianth has been undertaken in each species to 
determine their bearing on the species problem of the genus. 

P. amhigua, collected from Travancore, India (through courtesy of Mr. S. 
Nayar, to whom thanks are due), grows along moist cuttings and sheds spores by 
the end of monsoons. During the unfavourable periods the thalli, as in 
other species of the genus, lose their wings except towards the growing tips, become 
thickened, hard and dark brown. These parts form the basal prostrate region 
while they resume growth and develop aerial assimilatory shoots. P. Lyellii, 
collected from various places from Assam and Japan (through courtesy of Dr. S. 
Hattori), is restricted to moist protected places adhering to stones or along banks 
of streams or on moist hill slopes. In Japan it also grows on soil rich in humus and 
epiphytically on bases of Cryptomeria japonica (Hattori, personal communication). 
P. longispina collected from various places in Japan (by Dr. S. Hattori) occurs on 
humus, exposed and moist rocks, fluffy banks, moist soil and stream banks. 


External features 

The species are unisexual, occur in patches, are translucent pale to yellowish- 
green, simple or branched and prostrate as in P. levieri and P. radiculosa. P. 
longispina sometimes shows the habit (Fig. 10) exhibited by P. zollingeri (Smith, 
1938). All species have an ascending, more or less flat, winged region and a basal 
wingless rhizomatous region (Fig. 1). The former have the margin entire, wavy, 
undulate or with indistinct or distinct leaf-like lobes (Figs. 2~4); and the latter is 


' This investigation was carried out at Oauhati University, Assam, India. 
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formed by the suppression of the wings caused by non-availability of light or, due 
to their being covered by the ascending winged region, th^ serve to bring the latter 
into hght. Rhizoids are bonie only on the midrib regiu|i, unlike that in P, levieri 
(Campbell, 1939) where they arise from the entire ventral surface. They harbour 
a number of unicellular and filamentous algae. In P. Lyellii often they ore localheed 
(Fig. 9) and the rest of the midrib lacks them. They are yellowish-light brown, long, 
thick walled, with sucker-like tips (Fig. 5), and in epiphytic forms shorter, with 
broad suckers (Fig. b); and thin, long, without suckers — the former for fixation and 
the latter for absorption. The midrib shouts a conspicuous mid-dorsal vein, becom- 
ing black with age, and with a broad one cell thick, longitudinal wing on its either 
side. The former consists of conducting tissue and the latter is entirely photo- 
synthetic with cells, 4-6 angled, thin or nearly thickened. 

The thalli in P. ambigua are up to 5 cm. long, 4-5 mm. broad, with the midrib 
region about 0*5-1 *5 mm. broad and nearly convex on the ventral surface, when 
young bearing 1-3 cell long hairs (Fig. 7) along the thallus margin — more aggre- 
gated towards the apical notch, becoming stouter in the older regions and mostly 
drying up or decaying off due to low moisture; in P. Lyellii they are up to 7 cm. 
long, 5 mm. broad, with the mid-dorsal vein about 0*5 mm. broad and in P. longu 
spina they are up to 5 cm. long, about 6 mm. broad, with the midrib region 0*6-1 
mm. broad, occasionally indistinctly concave, the margin of the thallus bearing 



Fig. 1. P. ambigua^ thallus with basal rhizomatous region (i?), young adventitious branches 
(AD) and forkings (F), xSJ. 

Figs. 2-4. Same showing thaili with lot >08 and leaf-like margins. X3J. 

Fig. 5. Apices of rhizoids in P. amhigtm and P. Lyellii, X 100. 

„ 6. Kliizoids of epiphytic forms of P. longispina, x 100. 

„ 7. Apex of a lobe of P. ambigua showing marginal teeth. X 35. 

„ 8. A marginal tooth from thallus of P. longispina, x 35. 

„ 9. Thallus of P, LyeUii (note forking, walking habit and localization of rhizoids), X 3« 
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3-6 cell long, persistent hairs or spines (Fig. 8) — more aggregated towards the apex, 
white to yellowish in colour and becoming light brown with age. The epidermal 
cells and the cells towardslthe middle of thallus are variable in size, even within the 
same species. In all the species studied here the surface cells of the vein 
are polygonal broaddinear, usually with highly thickened cells and about 45 x 30fi 
or 60 X l8fA. 

Forking of tlie thallus is caused by a vertical division in the apical cell. Such 
forkings may have a limited or unlimited growth, depending on the available light 
and moisture conditions. Often those developing archegonial receptacles may 
stop further growth. Adventitious branches are formed profusely as ventral 
innovations from the midrib region and in their formation there is not a forking of the 
apical cell; they are cylindrical to begin with but sooner or later develop wings, 
first around the apex. Usually the basal region retains the cylind^cal form, dis- 
tinctly or indistinctly. Each in turn develops one to many ventral innovations 
and a single plant may become as much as 7 cm. in diameter. It is, however, 
interesting to note that the first adventitious branch and those developed from it in 
turn are formed from the same side of the wings as that of the first branch from the 
thallus ; in other words if the first adventitious branch is formed from the left side of 
the thallus, those developed from it in turn will also be formed from the left side of 
the respective branches bearing them. 

Perennolion and vegf tative propagaiion : P. Lyellii and P. longispina perennate 
with help of apical tubers. The latter represent the swollen apices and are formed 
at the end of the growing season. They are cylindrical and profusely covered with 
thick-walled, pale pinkish-brown rhizoids (Fig. 11); usually underground or in the 
epiphytic forms burying themselves in the substratum formed by mosses. In P. 
longispina more than one may be formed per thallus and the plant may thus assume 
a ‘walking habit’ (Fig. 12; an occasional case figured for P. Lyellii, Fig. 9). In all 
the species perennation is also by the rhizomatous region which is dormant during 
unfavourable periods. 

Vegetative propagation is mostly by fragmentation of adventitious branches, 
or of the basal rhizomatous region; in P. longisphia also by formation of ‘stolon- 
like’ structures (Fig. 1 1) which are such adventitious branches that lose their wings, 
become cylindrical, long (up to 3 cm.), thick and have a somewhat burrowing habit. 
Later they develop wings along the apex. 

Internal structure 

The midrib of the thallus is usually about 10-11 cells thick in P. ambigua, 12-14 
cells in P. Lyellii and 12-30 cells in P. longispina. It suddenly passes into the 
wings, one cell thick and with thin-walled polygonal cells. The central conducting 
region consists of long, uanow, thick- walled cells running parallel to the mid-dorsal 
vein, about 6/x wide and pitted as in other species of the genus (Campbell and 
Williams, 1914) and Symphyogyna (Finlayson, 1960). It serves for conduction of 
solutes and a branch from it may or may not be given to the female receptacle. It 
has no connexion with the conducting region of adventitious branches. It is, 
however, connected with the branches formed os a result of forking. Here it divides 
far in advance of the forking. The region below it is parenchymatous and in the 
older thalli infested with a mycorrhizic fungus; and becoming light brown together 
with the adjacent cells later on. The mycorrhizic fungus is inter- and intra- cellular 
(Fig. 136) and enters the thallus through the rhizoids (Fig. 13a). It spreads in the 
cells just below the conducting strand and rarely in those towards the dorsal surface 
but never in the receptacles. They are neither symbiotic nor obligatory for the 
development of the thallus. The young adventitious branches lack them. The 
wingless rhizomatous region is nearly spherical in a cross-section and consists of 
parenchymatous polygonal cells, full of starch and fungal hyphae and with the 
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outer cells thick walled. In stolons such cells develop chloroplaste, are polygonal, 
thin walled and lack fungal hyphae when young. 

Apical cell : The apical cell is lodged within the apiml notch and is protected 
by a number of 3-5 celled hairs with mucilaginous tips (Iig, 14). It is two sided as 
in most Of the other species^ of the genus (Campbell and Williams, 1914; Uaupt, 
1918), Riccardia pinguis (Clapp, 1912), R. indica (Kachroo, 1953), Meizgeria hima- 
layensis (unpublish^ data) and Hymenophytum (Goebel, 1905). It cuts off 
segments alternately right and left, each of which is cut into an inner cell and an 
outer cell — the former contributes to the thick midrib and the latter to the cells of 
the wing. Farmer (1894) reports an apical cell with 3 cutting faces in P. decipiens, 

Male plant 

They are much narrower than the female plants in contrast to P. radicidosa 
where both are equal in size (Smith, 1938); usually about half in breadth and nearly 
equal in length ; narrowly linear, and short-lived. They may fork once or twice at 
the apex (Fig. 16). In P. ambigxia often the midrib region is prolonged into a thin 
flagellum-like shoot with a bunch of rhizoids at the apex, probably serving for 
vegetative propagation (Fig. 15). Antheridia are borne on each side of the midrib 
either in continuous series or in scries interrupted here and there by sterile areas. 
Each (Fig. 16) or a group of 2-3 is subtended by a scale arising from the midrib. 
The latter is nearly triangular in outline (Fig. 156); having shortly laciniale margin 
in P. ambigva ; nearly roundish-ovate and shortly laciniate in P. Lyellii and more or 
less similar in P. longu^jnna. 

The antheridium is shortly stalked, nearly globular, with a single layered wall 
' (Fig. 16), green when young and becoming orange at maturity. It resembles in its 
development the other Anacrogynous Jungermannialcs. The initial makes its 
appearance as a papilla which soon enlarges and undergoes a transverse division to 
form an upper primary antheridial cell and a larger stalk cell. The latter enlarges 
and undergoes a transverse division to form a stalk, 2 cells long. Subsequently one 
or more transverse walls appear forming a stalk 3-4 cells long. Occasionally the 
original basal cell may undergo a vertical division before any transverse walls 
appear. It, however, remains short and is never more than 4 cells thick. The 
primary antheridial cell divides by a nearly vertical wall into 2 nearly equal halves. 
In each of the 2 primary antheridial cells 2 periclinal walls at right angles to each 
other are laid down, resulting in the formation of 4 peripheral cells and 2 primary 
spermatogenous cells. The latter divides by a transverse wall followed by a verti- 
cal one, appearing first in the lower half, or 2 vertical walls laid one above the other; 
dividing each spermatogenous cell into 4 quadrants (Fig. 17). The latter after 
regular vertical and transverse divisions form numerous spermatocytes, 4-5 sided 
in outline, densely laden with cytoplasm and each dividing diagonally to form 2 
biciliated spermatozoids. The antheridial wall is one layered, chlorophyllous 
when young, becoming orange at maturity and breaking irregularly at the apex 
during dehiscence. The spermatozoids are liberated in a mucilaginous mass, are 
coiled, with 2 long cilia at the anterior end and a small vesicle at the posterior end. 

Female plant 

They are as large or larger than the vegetative plants. Archegonia develop 
in groups in restrict^ areas, female inflorescences (Frye and Clark, 1937) or recep- 
tacles (Smith, 1938) at various points on the dorsal surface of the thallus along the 
midrib (Fig. 18). They are formed near the apex of a shoot but do not check its 
gl*owth. Each is about the midrib in diameter and there is no correlation between 
their position and dichotomy of the thallus as in P. zollingeri (Campbell, 1939) but 
they might occur at each branch of the dichotomy; usually solitary at a point but 
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in P, Lydia occasionally met with in a series. Around the receptacle grows a sheath, 
the involucre, from i/he surface of the thallus. It is short, cupulate, irregularly 
lobed; mediumly 1-2 lacLiiate in P. ambigua, unequally laciniate with each lacina 
comparatively thinner, forked and more branched in P. Lyellii and broadly laciniate 
in P. long i spina. 

During the development of archegonium a papilla-like cell makes its appearance 
from the receptacle surface and soon undergoes a transverse division usually to 
form a larger, rarely smaller or nearly equal, basal cell and an upper archi gonial 
initial. The latter is cut off by 3 intersecting vertical walls into an axial cell and 
3 peripheral cells. The axial cell divides by a transverse wall into an up|>er cover 
cell and a central cell. The latter undergoes another transverse division cutting 
off nearly equal cells, the upper neck canal cell and the lower ventral cell; but the 
divisions in the two cells are not simultaneous. Later divisions arc similar to those 



Figs. 10-20. 

Fig. 10. P. longispina showing erect habit. x2J. 

11. Same showing a stolon (ST) and a tubor of the previous season (T). X 2J. 

12. Same with walking habit. x5. 

ISa. Myoorrhiza (inter- and intra-cellular) in ventral tissue of thallus. X 212J. 

136. Sarao, branched and entering a rhizoid (h hypha, Rh rhizoid). X 100. 

14. Apical cell in L.S. (m mucilage hair), x 162J. 

15a. P. a^nbigiM (male plant), x 2. 

156. Some, apical region only shown (a, antheridium ; sc, scale), x 5. 

16. P. ambigiui, mature antheridium and a scale in L.S. x 16. 

17. Sfiune, T.S. young antheridium. x 1621. 

18. Female plant of P. am6t^a. x2I. 

19. V.S. arenegonium (basal portion only shown), P. ambigua showing two ventral canal 

cells and two eggs within the venter, x 1621. 

20. Spore of P. Lyeiliu X 162J, 
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described for other Jungennanniales (Campbell, 1939; Finlayson, 1960 ; Mehra and 
Vasisht, 1950; Mehra and Khanna, 1950). The neck is elongated and more or less 
twisted in the mature archegonium. The number of ne« cells varies from 6-11, 
with 8-23 cells in each row of the neck. The neck canal *ells in the mature arche- 
gonium are 9-13 in contrast to 5-6 in P. radicvlosa (Campbell, 1939). The ventral 
canal cell is angular, spherical or disc-shaped, and usually smaller than the egg or 
rarely more or less equal in size. Rarely 2 ventral canal cells and eggs are observed 
within a venter in P, mnbigva (Fig. 19). Twt^ eggs also occur in Petalophyllum indicmn 
(Mehra and V^asisht, 1950) where one of the ventral canal cells behaves as the second 
egg. Tflfb venter becomes 2-3 layered after fertilization. The basal cell of the 
archegonium forms 2-6 cell long stalk after undergoing transverse and vertical 
divisions. 

The involucre develops from the surface of the thallus around the group of 
archegonia in the form of a ring of scales which become united due to basal zonal 
growth and remain free at the apex, where each is laciniato. When mature it is 
2-3 cells thick at the base and one cell at the apex. 

The development of the perianth is stimulated if a single or more archegonia 
are fertilized. It grows next to involucre, is 3-4 cells thick at the base, cells in 
mature condition are thick walled, 4-6 sided, elongated and long. Sometimes it 
forms inside 1-4 knobs projecting inwards and up to 3 cells broad. At maturity 
it is tubular and covers the young sporogonium completely. 

Just before fertilization the neck canal cells and the ventral canal cell become 
mucilaginous and presence of moisture brings about their distension which forces 
apart the 4 lid cells, each of which usually bends outwards to create a cup-like 
depression or occasionally the force of distension is so great that it forces the lid 
.cells to break off from the neck. The spermatozoids enter in a mass but ultimately 
one fertilizes the egg. 


Sporogonium 

A single sporogonium develops per receptacle due to nutritional competition, 
though more than one or all archegonia may be fertilized. The fertilized egg 
becomes nearly spherical in outline, enlarges, delimits its own wall and completely 
fills the venter. It forms a 3 celled filamentous embryo which is later differentiated 
into a foot, seta and a capsule. The foot is distinctly demarcated from the seta 
unlike in P, radiculosa (Campbell, 1939) where it merges imperceptibly into the 
base of the seta. It is about 1 mm. long in the young sporogonium, composed of 
parenchymatous cells with dense protoplasmic contents in the peripheral cells 
which are haustorial in nature. The seta is circular in outline, in a cross-section 
composed of 9 cells, made up of numerous elongated cell rows; cells thin walled, 
usually chlorophyllous and in the younger stages filled with starch grains. In a 
L.S. the cells are much compressed, broader than long but in the mature condition 
they elongate and attain a length several times their original. The seta is slender, 
whitish, 5-7 cm. long in P, wmbiqua, 3-4-5 cm. in P, Lyellii and P. longiapina. 
Rarely its peripheral region develops a few false air spaces by disintegration of the 
adjoining cell walls; they bulge outwards and open to the exterior by their entire 
surface. The seta provides a good substratum for the growing sporelings dehisced 
from the capsule and for filamentous algae. 

The capsule is oblong cylindrical, green when young, reddish-brown at 
maturity, 5 mm. long, 0-5-1 mm. in diameter, with 2-3 layered wall — the inner 
getting resolved and the outer becoming dark brown with development of thicken- 
ings towards their inner angles. The elaters are attenuated, thin walled, with 2-3 
spirals ; up to 600 X 6/x in P. ambigua and 200 x 6/a in the other two species. Some 
of them remain attached to the base of the capsule. Spores are spherical, light- 
reddish brown, with an indistinct triradiate mark and finely reticulate exine 
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(Pig. 20); 12-16/i in P. ambigna, \2-2Sfiin L, LyelUi (with margin papillate) and 
about 12ft in P, longispina. 

The calyptra en«healhing the young capsule is thin, slender, 2 cells thick, with 
the cells much longer than broad. 

When mature the capsule is gradually pushed up due to the elongation of the 
seta and pierces through the calyptra hnally coming above the surface of the thallus. 
It dehisces along (2), 3, (4) valves at maturity, the latter remaining coherent at 
the apex. Their splitting starts at the base of the capsule and just reaches the 
apex wl\ere all the cells are highly thickened. This prevents their complete 
separation. ^ 

Spoke oermination 

The spores of P. amhigua and P. Lydlxi germinate while still within the capsule 
as in Pellia, Pordla and Ponocephalnm (Chalaud, 1932) and lJurnoriiera (unpublished 
data). Wolcott (1942) does not describe intracapsular germination in P. Lyellii 
(;ollc(itcd from Texas. (Germination is not studied in P. longispina). Each spore 
enlarges slightly or greatly as evidenced by distension of reticulations (Fig. 21); 
the chloroplasts aggregating to one side (Fig. 22) — probably towards the side facing 
caj)sule wall; leaving a small clear space towards the opposite end as in Pellia 
(Goebel, 190.^)). The latter is cut olf by a wall and forms the first rhizoid (Fig. 23). 
The enlargement of spore results in an irregular rupture of exine, either to liberate 
the germ papilla (Fig. 24) or the rhizoid (Fig. 25) or the cell mass develops inside 
(Fig. 30). Occasionally the exine ruptures along the indistinct triradiate mark 
and the germ papilla elongates into a germ tube (Fig. 26). The upper half of the 
germ cell now undergoes a vertical division (Fig. 27) and later a wall is formed 
inclined obliquely to the long axis of the germ cell to form an apical cell with two 
cutting faces (Fig. 28) as in Metzge.ria (Goebel, 1905) and Riccardkt indica (Kachroo, 
1953), or the up[)er coll may undergo a few transverse divisions before a vertical 
wall appears and an apical cell is formed duo to formation of tw^o walls oblique to 
each other. Activity of iliis cell results in an enlarged cell mass (Figs. 29-33) and 
it is gradually lodged within an apical notch, where mucilage papillae are formed 
from the surrounding marginal cells of the thallus to protect the growing region. 



Fios. 21-33. Stages in germination of spores up to formation of cell maaa in P. ambigtia and 
P. Lyellii, Figs. 21-25, 27 and 28 intracapsular and rest from soil culture. X 209. 


Variations in certain characters of the thallus, organs associated with sex organs and 

their bearing on species problem in the genus : 

Thallus : The great deal of variation in the species embraces their vegetative 
growth, both while growing under different habitats (Table 1 and Fig. 34), altitudes 
(Tables 2 and 3) and within the same community (Figs. 35-37). It appears that sub- 
strate exerts considerable influence on the growth (Fig. 34). Thus large numbers 
of conducting cells occur in the epiphytic forms due to conservation of water and 
this might also speak for less breadth of the thallus to check excessive transpira- 
tion; in those living on humus the need for conservation is far less, consequently 
this region occupies a comparatively smaller area of the midrib and the largest 
breadth of the thallus (in this case) might be due to prolific vegetative growth under 
congenial conditions of life. The next congenial habitat is shady soil. 




F. KAOHROO: MORPHOLOGY OT PALLAVJfCJSf A 


13 


Table 1 • 

Variation in vegetative growth of P. Lyellii under dWerefd habitate^ 


Habitat 

Thallus 

Thallus 

thickness 

' • - ~ w — 

Epidermal cells 

Area G.8. 

Number of 
cells in T.S. 

breadth 

Midrib 

Wing 

Marginal 

1 

Middle 

in T.S. 

Midrib 

C.S. 



mm. 

F 


P 

M 




A. On rotten 









wood 

3-3 2 

214-4 

48 

32 X 89 /i 

64x64 

68 X 60 

64x64 

33 

12 

B. Epiphytic 

2 5-61 

304 

48 

28-8 X67 C 

46x46 

28-8x41-6 

64x76 

46-90 

12 

C. On soil 









rich in 
humus 

e 

320 

54-4 

22 4x70-4 
57-5x89 

67-6 X 89 

48x60-8 

36 

! 

12 

D. Shady 









banks 

4 

384 

48 

22-4 X 73*6 

44'8x64 

64x105 

60 

15 

E. Moist hill 









slopes 

4 

304 

46 

27-2x57-6 

41-6x32 

51 x64 

24 

13 


♦ Plants with 1 or more female receptacles are regarded here as well developed thalli. Each 
reading given is an average for 5 thalli. 

The readings of thickness of thalli, epidermal cells and conducting region have been taken 
at corresponding places in the thalli of various groups. 

C.vS. — Conducting strand, midrib does not include conducting strand (same details for other 

tables). T.S, — Transverse section. 

The growth of P. Lyellii and P. longispina under different altitudes (Tables 2 and 
3) shows that the species are not fundamentally affected as far as their vegetative 
features are concerned and the latter, therefore, do not show any correlation with 
the change of altitude. The variations exhibited are those which are expected 
even while they grow in a single community. However, this requires further study 
and a care in collection of the various forms at different altitudes. 


Table 2 


Variatioyi w vegetative growth of P. Lyellii tinder different altitudee in Japan {Province^ 
Hyuga — collection ^ Hattori, Jan.~Nov, 1950) 


Alti- 

Thallus 

Thallus 

thickness 

Epidermal colls 

Area C.S. 

Number of cells 

tude 

breadth 

Midrib 

Wing 

Marginal 

Middle 

in T.S. 

Midrib 

C.S. 

m. 

mm. 

M 


P 





16 

6 

99 

11-25 

39x33 

108 X 24 

i 

39x33 

106x46 

76X39 

16X15 

14 

46 

30 

3 

76 

11-4 

93x27 

57x30 

90x48 

63 X 64 1 

30x18 

16 

55 

150 

6-1 

61 

11-4 

84 X 24 
46X21 

67 X 24 
30X61 

16x18 

14 

28 

• 260 

6-2 

63 

12 

75X18 

42x21 

76x33 

64x33 

15x20 

11 

22 
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Tabuc 3 


Variation in vegetative growth of P. longispina growing on moist rocks under various 
(i^^iiudes in Japan {collection, Hattori, 1950) 


Alti. 

tudo 

Thallus 

bremith 

Thallus 

thickness 

Epidermal cells 

Area C.S. 
inT.S. 

Number of cells 

Midrib 

Wing 

Marginal 

Middle 

Midrib 

C.S. 

in. 

mm. 

■i 

P 


P 

M 



5 

2 

mSM 

36-8 

64 4 X 19 2 

28-8 X 36-2 

48x32 

12 

36 

20 



38*4 

80 X 28-8 

36 2 x48 

76 X 106 

20 

74 



(480) 







400 

4 

288 

38'4 

70-4 X 22-4 

64x44-8 

38x80 

16 

63 

700 

4-6 

256 

38*4 

48 X 22*4 

38-4x86-4 

48 X 73 

15 

56 

800 

4-4 5 

256 

40 

80x19-8 

74-6x38-4 

48x35-2 

16 

36 


The study of the species within a community (Figs. 35 -37) illustrates that no 
two features usually show a correlation between them and that variability appears 
to be an inherent feature for each individual of the various species. (It is probable 
that microclimate has a dominating hand in shaping the individual). The 
epidermal cells, whether marginal or those towards the middle, are highly variable 
(Table 4) in size ; so are the cells in the midrib and the area of the conducting strand. 

Table 4 

Variability in epidermal cells of thallus 


Phmts 

P. atrU)igua 

P. Lyellii 

P. longispina 

Marginal 

Middle 

Marginal 

Middle 

Marginal 

Middle 


P 



P 

P 

P 

1 

48-4x28-5 

64-1 x28-5 

51-3x31 3 

100-9x39-9 

39x30 

67x39 


66'5 X 25-6 

71'2x2r>’6 

72-2 x 19 9 

57x42-7 

66x27 

96x30 

2 

45-6X 18-5 

51 3x34 2 

39-9x18-5 

76 4x25-6 

1 64 X 24 

48 X 39 


57 X 25-6 

76-4x25-6 

27 x 25-6 

28-5x61-3 

60x21 

66x33 

3 

51-3x31 3 

57 x 18-5 

42-7 X, 31-3 

51-3 x 39-9 

45 X 24 

57x42 


42-7 X 22-8 

65-5x31-3 

79-8 X 28-5 

85-5 x 28-5 

63x24 

75x33 

4 

42-7x28-5 

57x25-6 

228x51’8 

71-2x51-3 

30x33 

57 X 33 


1 65-5x17-1 

74-1 X28-5 

; 28-S X 67 

66-5x34-2 

63x18 

75x30 

5 

57x25-6 

79-8x22-8 

42’7x37 

48-4x48-4 

42x33 

45x24 


39-9x28-5 

59-8x34-2 

86-5 X 34-2 

71-2x28-5 

60x27 

60x33 


Antheridial t<caU : Usually a single scale ensheaths a single antheridium and 
such scales may have either one or more papillate protrusions towards the apex, or 
these may be prolonged into lacinae (teeth), or have neither; or the scale may be 
bitid or asymmetrical in outline (see Figs. 38 and 39 for the most common forms of the 
scales). Scales showing more than one lacina usually ensheath more than one 
antheridium within and in the case of scales holding their individuality (i.e. not 
fusing with adjoining ones) there appears to be a correlation between the number 
of lacinae and the number of antheridia ensheathed within — usually one antheri- 
dium per lacina, in sensu lato. In case of scales forming flaps this arrangement 
becomes obscure and it is noteworthy that in such cases usuaUy antheridia do not 
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occur witliin the regions where adjoining scales fuse. It is »ot, however, uncommon 
to find antheridia unprotected (Fig. 38c), single laciniate scales with rfore than one 
antheridium, or many papillate-laoiniate scales with a sin^ antheridium or sterile 
scales. The formation of flaps is due to fusion of the bves of adjoining scales— 
the apical region being free and marking the number of the constituent scales dis- 
tinct. Rarely scales are bivalved and appear as cups (Fig. 38o) with one or more 
antheridium within. 



34 


Fio. 34. Growth of P . Lyellii under different altitudes {a, thallus breadth; 6, thickness of mid- 
rib; c, number of colls in midrib. A-E as in Table 1). 


Involucre : Each species shows a great deal of variation in structure of involucre 
so far as the lacinae are concerned. Thus in P. Lyellii the primary lacinae are either 
thick, short, unbranched or branched, 1-2 times at the base; in form of plates or 
they are thin, longer, less branched or more branched; the tips becoming glandular 
(Fig. 40, a-c). Similar variations occur in the other species but there the lacinae 
are less branched and more or less plate-like, being thus clearly distinguishable 
from the above t3rpe (Figs. 41 and 42). 

Perianth : The mouth of the perianth is variable both in opening and in the 
incidence of lacinae. The mouth may be cut into a few lid or partite lobes, each 
shortly or broadly laciniate; or the partitions may be deeper or it may be cut into 
4 lobes forming a beak-like structure. A few variants are figured for P. Lyellii 
(Fig. 43). Whereas usually the developing sporogonium emerges through the 
apex of the perianth, lateral emergence is not uncommon (Fig. 43, h). 

These variations bring forth interesting results involving specific characters 
and note should be taken of the same while dealing with imperfectly known species 
(cf. P. canarus (vide Pande and Srivastava, 1964) might on this basis be simply a 
biologic form of P. Lyellii) or while describing new species, Cytological investiga- 
tions might throw more light on this problem. 
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Ma. 39a-/. Variations in ontheridial scale in P. Lyellii, x 221. 

„ 40a-c. Showing variations of leioinae in different involucres of P. Lyellii (only a portion 

shown), x221. 
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Fxos. 41*42. Ficx. Showing variations of lacinao in dilfcToni involucres of P, amhigua 

(a portion shown). 22^, 

Fig. 42a*6. Same on P. /onj/w/nno, X22J, 



Fig. 43<i“</. Showing variations in mouth of perianth and nature of locinae in P. Lyellii; h 
lateral emergence of sporogonium. a~/ x 10; ^ x22i. 

Thus the epidermal cells are not reliable as specific characters, nor are the 
antheridial sc^es. But the nature of the involucre, particularly its lacinae (though 
variable), might be considered reliable for the species to be classified into two groups: 
those with profuse branched, thin, elongated lacinae (P. Lydlii type) and those with 
less profuse branches and thick plate-like lacinae (P. ambigua-lmgisjnna type); 
this goes, to some extent, hand in hand with the presence of the marginal teeth on 
the thallus, at least in the present case. The mature capsule is too uniform and the 
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perianth quite variable; the spores also do not show niarked inteiyspeoific varia- 
tion. It is probable that a comparative study of all the 40 species of the genus, on 
the lines suggested here, might reveal large variation pnong the species and a 
number of the latter might turn up to be simply the varmus biologic forms of but a 
few species. 

Individuality of iht family Pallaviciniaceae ; 

Cavers (1911) in his arrangement of genera under Blyttiaceae places Pallavi- 
chiia before (i.e. primitive than) Symphyogyrm and family as number 3 in his division 
of Anacrogynae. Goebel (1930), followed by Campbell (1939), regards the group 
as sub-family : Pallaviciniae, and places it as ii order in his division of Metzgeria- 
ceae. He placed Pallavicinia and Symphyogyna only in his sub-family. But like 
Cavers he recognizes the difficulty of clearly defining these families (Campbell, 
1939, p. 121). Verdoorn (1932) includes the genus in his Dilaenaceae which also 
embraces Goebel’s Pallavicineae and Morckiaceae, Frye and Clark (1937) recognize 
Pallavicinia as most primitive member in their Metzgeriaceae and derive it from 
Oeothallus through some intermediate form (F in their phylogenetic table on p. 104). 
Smith (1938) regards it as a form between two extreme types: Ricmrdia and Fossom- 
hronia respectively and remarks ‘ genera placed in Riccardiaceae have no one feature 
common distinguishing them from other Anacrogynae (p. 49) \ 

In species of Pallavicinia stiidied here, it is usual to have a basal rhizomatous 
and an ascending photosynthetic region, but it is noted that thalli grown separately 
under optimum conditions do not form rhizomatous region. Suppression of wings 
is common and is either on the side facing substratum or on both sides as in Umbra- 
culum (Goebel, 1905). The nature and formation of lobes in the thalli is similar to 
that exhibited by tSymj)hyogyna, Fossombronia and a few other genera of Anacrogy- 
iaao. Such developments may have taken place independently in the various 
families and does not necessarily prelude any near relationships. There is not 
enough evidence to show that such lobes are leaves, though their presence suggests 
leafy ancestry. 

An inner central conducting strand is also present in fi\jmphyog%yna (Finlayson, 
1950), IJmbracnlum, Podoynitrium and some species of Riccardia and Metzgeria 
(Goebel, 1905). In having an apical cell with two cutting faces the genus resembles 
Syrnjjhyogyna , Riccardia , M eizgeria , U mbracu him , Fossombronia himalayensis 
(Pande et aL, 1953) and Calycnlaria crisjmla (Pande and Udar, 1953) but differs 
from Petalophyllum indicum (Mehra and Vasisht, 1950) and ^icwardiella tuberifera 
(Mehra and Khanna, 1950) which have tetrahedral apical cell. The intra- and 
inter- cellular mycorrhiza is a feature common to all the thallose Jungermanniales. 
Tubers also occur in the related family Codoniaceae, probably due to similar bio- 
logical adaptations. 

The presence of a cup-like involucre is an advance over the single one 
of Symphyogyna, which Goebel (1930) regards as the original one. In Umbraculum 
and Metzgeria an involucre is present or absent. In Codoniaceae the involucral 
bracts are scattered irregularly among the archegonia and are attached at the base. 
A tubular perianth is also present in Podomitrium, Calycnlaria and Petalophyllum 
(Campbell, 1939; (Joebel, 1906) but it is absent in Symphyogyna and Metzgeria 
(Goebel, 1930). Riccardia is peculiar in having neither, and in developing a massive 
marsupium quite different in origin from calyptra of Pallavicinia, this together 
with the development of an elaterophore is a specialized feature. 

The structure and development of sex organs and sporogonium resemble more 
closely" that in Symphyogyna (Campbell, 1939; Finlayson, 1960) than with any 
cAher genus. The capsule wall is two layered as in Fossombronia and imlijke that in 
Riccardia and Calycnlaria where it is three layered. A few elaters might remain , 
attached to the base of the capsule. The embryo is filamentous as in Symphyogyna 
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and Riccarditi, The dehik^ence of capsule is along 2-4 valves which remain attached 
at the apex as in Syimphyoi^yna and in contrast to Riccardia where they separate 
and carry a portion of oil terophore at the apex. The germination of spores shows 
great similarity with thatV)f Syrnphyogyria and Pellia. 

Pallavicinia, thus, shares many features with primitive and advanced genera 
of Anacrogynae, yet retaining its individuality and distinctness from the genera 
with which it is kept by Vordoom (1932), Frye and Clark (1937) and Evans (1939). 
Goebel (1930) and Campbell (1939) are justified in placing it with Symphyogyna 
in a separate family Pallaviciniaceae. With most of the genera it follows parallel 
lines of development in habit and divergent features in life-history; thus taking 
view of the contemporary morphology of Hepaticae the various genera or groups 
of genera should be regarded as end products of long and diversified evolution. 
This necessitates and justifies the division of Anacrogynae into various fomilies. 
Bach group has further developed special individual features. The intimate 
relationship between them, however, speaks for a common group of ancestors. 
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Abstract 

PMavicinia ambigua^ P. Lyellii and P. longispina occur in patches, usually in moist places, 
has a basnl rhizomatous region and an aBceiiding assimilatory region. A mid-dorsal vein 
and an inner central conducting slrmid is present. It is connected with that of forking but not 
with that of adventitious branch. An apical cell with 2 cutting faces is present in the sporelings 
and the thallus, it cuts segments alternately right and left. Development of sox organs re- 
sembles other Anacrogynae. Two eggs and 2 ventral canal cells are observ^ed in an archegoniiim. 
The embryo is filamentous. Rarely air spaces develop on the seta. Capsule is oblong - 
cylindrical 4vnd dehisces along 2-4 valves, atttwhed at the apex. Spores germinate while still 
within the capsule, form a cell mass with 2 sided apical cell. A detailed study of the variations 
in certain oharacters of the thallus, organs associated with s€^x organs, is given and the specific 
value of the various organs discussed." It appears the species problem leans heavily on the 
nature of the lacunae on involucres find marginal teeth of the thallus. *^[710 retention of the 
family Pallaviciniaceae with Pallavicinia and Symphyogyna is suggested. 
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Introduction 

An intensive study of the general structure and histology of the avian heart 
lias been generally neglected and there has been much diversity of opinion with 
regard to the presence of a specialized impulse conducting tissue in it. Keith and 
Mackenzie (11)10) and Mackenzie and Robertson (1910) denied the existence of 
sinuatrial and atrioventricular nodes in birds. Mangold and Kato (1914) observed 
a sinuatrial node and an atrioventricular bundle in the heart of the fowl. De Mayer 
(1952) observed that sinus jiortions of the conducting tissue disappear in the heart 
of the adult fowl and that an atrioventricular bundle is either reduced or absent in 
the sparrow, 

A great deal of controversy also exists on the phylogeny of the specialized 
conducting system in birds and mammals. Davies (1930) pointed out that the 
atrioventricular connexions present an arrangement which is intermediate between 
those described by other workers in the fishes and the reptiles and by those in the 
mammals. Davies and Francis (1941), however, stated that the conducting system 
of the heart of birds and mammals is a neomorphic development and is not 
a remnant of the more extensive tissues of similar structure in lower vertebrates. 
Prakash (1953«, b \ 1954^, b, c, d) upholds the view that the specialized conducting 
system of the heart of birds and mammals is not a neomorphic development but is a 
further specialization of similar structures which are present in the heart of lower 
vertebrates. 

The contradictory statements of previous workers on the presence and the 
phylogeny of the impulse conducting tissue make a further study of the avian heart 
desirable. In the present investigation the heart of the common Indian fowl has 
been studied with special reference to its conducting system. 

Material and methods 

Six adult specimens of the common Indian fowl, chosen for the present study, 
were well fed and healthy so as to ensure that there was no deficiency of glycogen 
content (Davies, 1930) in the various portions of the heart. The hearts were re- 
moved from the chloroformed birds and then they were fixed in Bouin’s picroformol 
and embedded in paraffin. Serial transverse and sagittal sections were cut ten 
micra thick and stained with acid fuchsin. 

Observations 

Five distinct chambers were found in the heart, viz. a sinus venosus, two atria 
and two ventricles. ' 


♦ Contribution No. 1 from Vigyan Mandir, Bhopal. 
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Sinus venosus: The sinus venosus is a triangular, "asymmetriorfdy disposed 
chamber on the dorsal side of the atria. It is very much reduced because of the 
invagination in its lateral wall on the right side. Due fo this invagination, the 
cavity of the sinus venosus is divided into a large cephalic and a much smaller caudal 
portion. The two portions thus formed communicate with each other through a 
narrow elongated canal. This canal may be referred to as the sinuatrial canal. 
The right and left precaval veins open into the ccphahc portion of the sinus venosus 
(Fig. 2) while the postcaval vein opens into its caudal portion (Fig. 3). The former 
discharge almost at the same level, while the latter opens at the level of the 
sinuatrial orifice. 

A short muscular ridge is present (Fig. 3) just above the sinuatrial orifice on 
the right side of the sinuatrial canal. The ridge is broader at its base and its free 
tapering end projects in between the two sinuatrial valves. The ridge affects the 
internal disposition of the sinus venosus in such a way that the postcaval vein 
appears to open directly into the right atrium. Similarly, the blood which is coming 
into the cephalic portion of the sinus venosus, through the precaval veins, will 
be immediately directed by the ridge and the left sinuatrial valve to flow from the 
sinuatrial canal into the right atrium. The precavals, therefore, appear to pour 
their blo<id immediately and directly into the right atrium. Such an arrangement 
minimkes the importance of sinus venosus and may be responsible for its gradual 
disappearance in birds and mammals. 

The openings of the precaval and the postcaval veins are not guarded by any 
valves, but they are provided with thick cushion-like outgrowths, developed on the 
inner surface of the wall of sinus venosus. 

The sinuatrial orifice is guarded by two sinuatrial valves which resemble those 
of reptiles in general structure, although they are situated more dorsolaterally than 
in reptiles. The right sinuatrial valve is connected at its caudal end with the wall 
of the right atrium as well as with that of the sinus venosus. The left sinuatrial 
valve is continuous with the sinus venosus on one side and with the interatrial 
septum on the other (Fig. 3); Such a connexion, between the sinus venosus and 
the right atrium through the right sinuatrial valve and between the sinus venosus 
and the left atrium through the left sinuatrial valve and the interatrial septum, 
indicates that there exists a continuous muscular path for the conduction of the 
cardiac impulse, from the sinus venosus to the two atria. 

Sinualrml node: The presence of a sinuatrial node has been observed in many 
birds and mammals. It is regarded as the site of the initiation of the cardiac im- 
pulse. In the fowl this node is present on the cephalic side of the sinus venosus 
(Fig. 2) between the openings of the right and left precaval veins. The node lies 
parallel to the wall of the sinus venosus, but it turns cephaloid on the left-hand 
side. The node is enclosed in a fibrous sheath, is compact and well defined. A 
number of cells with prominent nuclei are present inside it (Fig. 1). These cells 
of the node are connected with one another through fine muscle fibres. The S-A 
node is connected with the sinus venosus through a number of interlacing muscle 
fibres for conveying the impulses for contraction to this chamber. On the right 
side in the enclosure, formed by the invagination of the lateral portion of the sinus 
venosus, is present an area of mesh-work of nerve and muscle fibres which may be 
^tated as the nodal area. It resembles the S-A node in the structure and the general 
disposition of its fibres and nuclei. 

Atria: The atria of Oallus correspond very closely in form and disposition with 
those opfdixBT birds. The muscles (musculi pectinati) of the atria are thick bundle- 
like^xitlractures (connected together through elongated fibrous bands) running 
ipbMf^th the endocardium. Tto type of musculature is in correlation with the 
small size of the atria as it gives them, during atrial systole, enough force to propel 
the blo«4<&rward from the atria into the ventricle. 
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Atriovehiricular node : The A~V node is not so clearly defined as the S~A node. 
The A-V iKKle is present on the left side of the interatrial septum at the base of the 
iiorta. It is a clear zor^ of numerous distinct, large cells with prominent nuclei. 
The nuclei of the n(xle are larger than those of the A-V^ bundle and they are equally 
distributed in every j)ortiori of the node. The A-V node is not bounded by any 
fibrous sheath, but there appear in cross-sections longitudinal fibres on either side 
of it to give it a definite shape. A thick band of ‘Purkinje fibres’ extends from the 
caudal end of the node to connect it with the base of the interatrial septum. The 
'Purkinje fibres’ as distinguished from other fibres in the present investigation 
have the microscopic characteristics (Kistin, 1949) of the fibres first observed by 
Purkinje (1845) in sheep and other mammals. These fibres are larger, have few 
smaller muscle fibres, and they cross each other so as to look like cells in transverse 
sections. The A~V node extends caudally towards the A~V bundle and continues 
into the ramifications of ‘Purkinje fibres* of the A-V bundle. The cells, the nuclei 
and the fibres of the node take a very deep stain with acid fuchsin and are, therefore, 
differentiated easily from other cardiac fibres. 

Atrioventncular bundle : The A-V bundle (bundle of His) is present in the 
cephalic jKjrtion of the ventricular septum near the base of the right A-V valve. 
It is ventral and caudal in position to the A-V node. It extends deep into the 
ventricular septum and then bifurcates into a right and a left limb. The right limb 
proceeds towards the right muscular valve, while the left limb takes a somewhat 
curved course through the myocardial fibres and extends along the left lateral 
border of the ventricular septum. The structure of the fibres and the cells of the 
A-\^ bundle resembles those of the A-V node. 

The muscular right atrioventric\ilar valve has the same structure as that 
described by Davies (193i)) in other birds. 

Purkinje fibres : The presence of these pale, multinucleatod fibres has long 
been noted and their distribution has been extensively studied in birds (Davies, 
1930; Adams, 1937). The system of these fibres in Qallus is not so well developed 
as in other birds. The atria are devoid of such fibres. However, small columns of 
‘Purkinje fibres’ are present surrounding the atrioventricular orifices. These 
columns appear as rounded bundles in transverse sections (Fig. 4). There are 
three such bundles of ‘Purkinje fibres’ present round the right atrioventricular 
orifice and two round the loft atrioventricular orifice. A band of ‘Purkinje fibres’ 
extends also along the left lateral border of the right atrioventricular orifice and 
sends an early branch to the caudal portion of the A-V node. ‘Purkinje fibres’ 
which cross each other look like cells. The cells thus formed are not of uniform 
shape. Some are spherical, some elliptical and others elongated. Generally, 
there is one nucleus in each cell, but some have two, and there are others which 
have no definite nucleus. The cells without nuclei are mostly on the periphery 
and not in the centre. 

Discussion 

The presence of a ridge inside the sinus venosus of the heart of the Indian fowl 
assumes special significance as it has also been observed in a number of reptiles, 
O’Donoghue (1920) described a tuberculum intervenosum separating the aperture 
of the left precaval vein from that of the postcaval vein in Sphenodon punctcUus, 
Goodrich (1930) observed a ridge (septum sinu venosi) between the openings of the 
left precaval and postcaval veins on one side and that of the right precaval vein on 
the other. Mathur (1946) found a prominent ridge in Natrix pisccUor separating 
the left precaval and the postcaval. In Oallus the ridge has come furti.?’' down 
very near to the base of the sinuatrial valves. Its disposition indicates thiA^he 
two precavals and the postcaval open not only separately but also directly (p^?- 
oularly the postcaval) into the right atrium. This shows that the heart of this 
bird makes an approach towards a condition found in the hearts of other ’-iHs and 
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mammals where the sinus venosus is absent and the three oaval veins open separately 
and directly into the right atrium. 

The sinus venosus, a prominent chamber in the heart of lower vertebrates, 
disappears in many birds and mammals. The disposition of sinus venosus in Qallus 
presents interesting transitional stages in the formation of the mammalian S-A 
node in relation with and consequent on the reduction of sinus venosus. An invag- 
ination in the right wall of the sinus venosus has been observed for the first time in 
tlallus. It marks the beginning of a process by which this chamber is ultimately 
lost in birds and mammals. It is easy to postulate, then, that a further inpushing 
in this wall of the sinus venosus will result in the separation of the major cephalic 
portion from a very small caudal portion. The loss of the cephalic portion means 
the disappearance of the entire functional sinus venosus, because the caudal port 
only acts as the via media to convey the venous blood immediately into the right 
atrium. With the reduction of the sinus venosus, the nodal area and the S~A node 
which are present on either side of this chamber will get united to form an extensive 
S-A node extending from the base of the right sinuatrial valve over to the cephalic 
and dorsal side of the right atrium. Such a postulation is important as it throws 
light on the phytogeny of the S-A node. It is to be remembered that in many 
birds and mammals (Davies, 1930; 1931) the S-A node has an extensive disposition 
as the sinus venosus is absent. 

The absence of sinus venosus in birds and mammals results in the reduction of 
the sinuatrial ring also. Walmsley and Mackenzie (cited by Davies, 1931) stated 
that the reduction of the S-A ring is due to the fusion of the left sinus valve with 
the interatrial septum. In Oallus the presence of the left sinuatrial valve which 
has not fused with the interatrial septum, the presence of the S-A node and the 
reduced nature of the sinus venosus, indicate that the reduction of the S-A ring is 
not due to the fusion of the left sinus valve but is due to the reduced nature of the 
sinus venosus. 

Kishne and Musha (1952) observed from a study of electrocardiograms that, in 
a case of partial sinuatrial block, the sinus impulses are not conducted to the atria 
but directly to A-V node. From the A-V node these impulses are transmitted to 
the ventricles on the one hand and to both the atria on the other. These workers 
expressed the view that the sinus impulses do not travel radially in all directions 
over the atria but are conducted through specific pathways. The serial sections 
through the sinuatrial junction of the heart of Gallus revealed that the impulses 
initiated at the S-A node can be transmitted from the node to the sinus venosus 
through the interlacing fibres connecting the former with the latter. Prom the 
sinus venosus the impulses can spread over to the right atrium through the right 
sinuatrial valve which offers the necessary muscular continuity for the transmission 
of these impulses from the sinus venosus to the right atrium. The interatrial 
septum may also receive the sinus impulses by way of the left sinuatrial valve which 
connects the sinus wall, on the left side, with the cephalic part of the atrial septum. 
From the interatrial septum, the impulses cannot reach the A-V node directly 
but through a connecting band of special fibres present between the caudal portions 
of the septum and the A-V node. Such a continuity in the path for the wave of 

^contraction indicates that the impulses may travel along set routes as stated by 

IKishne and Musha (1952). 

^ Dr. Kistin (1953) in a private communication to the author wrote: ‘When I 
read Purkinje’s paper I was concerned with the meaning of the term “Bewegung- 
sapparat and received little help from people who know German well. One 
suggesLt-TO was supporting (skeletal) structure for the cardiac muscle. Certainly 
P^lJnje’s paper does not suggest any conducting function to these fibres’. Davies 

Francis (1946) believe that ‘Purkinje fibres’ constitute special movement 
apparatus (Bewegungsapparat) .and are part of special conducting tissue. In the 
hearti(fr*^ a spocinl band of Purkinje fibres has been observed to connect the 
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interatrial septum and the A~V node and it may be said that the impulses received 
by the septum are conveyed through these fibres to the A~V node. The A-V 
bundle which affords the only connexion for the transmission of the impulse from 
the atria to the ventricles also consists of Purkinje fibres. These facts strongly 
suggest that Purkinje fibres can be regarded as conducting fibres. 

Summary 

1. Sinuatrial node, atrioventricular node, atrioventricular bundle and Purkinje fibres are 
present in the heart of the common Indian fowl for initiating and conducting the cardiac rhythm 
of contrtiction, 

2. The invagination in the lateral wall of the sinus venosua in Oallus and the presence of a 
ridge inside this chamber mark the l)eginning of a process by which the sinus venosus gradually 
disappears in birds and mammals so that the three caval veins open separately and directly into 
the right atrium. 

3. 'Fho sinuatrial node of birds and mammals develops in relation with and consequent on 
the reduction of the sinus venosus. 

4. The atrioventricular node should not be regarded as a derivative of the sinuatrial ring 
of the lower vertebrate heart (fish, amphibia and reptile). 

5. It is suggested that the impulstjs initiated at the sinuatrial node travel along set routes 
from one (diamber of th() heart to the other and the atrioventricular node cannot receive the 
sinus impulses directly from the sinuatrial node but only through the sinus venosus, the left 
simiatrial valve, the interatrial septum and the connecting bond of special fibres. 

6. The probable path which the cardiac impulse may follow from the node to the 
A-V node has been described. 
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Introduction 

A number of vvorkern hav(^ studied the air-bladder of American and British 
elui7<Miid Hasse (IS73) is one of the earliest workers in this field and ho 

investigated the ear and the air-bladder diverticulum in (Jlupea alosa and C. harengus, 
Ret/ius* (1S81) doHcription of the air-bladder of (\ hare.yigus agrees essentially with 
that of Hasse. Mathews (IS8f)), in an investigation of the skeleton of British 
(^lupeoid flshovS, has described the Ixmy canals and capsules in the herring ((\ harengas), 
the pilchard (C. pilchardns) and the> shad (C. alosa). Later, Ridewood (1891) 
described the oar- air- bladder relation in the British species, viz. herring, pilchard, 
shad, sprat, thwait and anchov y. Tracy ( 1920) worked out the air-bladder of different 
American clupooids. But, so far, no work luis been attempted on the air-bladder of 
clupeoids in India and 1 am very much thankful to Dr. Bhattacharya for suggesting 
this [)roblem to me. Strangely enough even the workers mentioned abov(' have 
oon(^(intrated their atOmtion only on the ear-air-bladder connection and liavc left 
out tlu* histological work which, in the present case, has revealed many h'atures 
of considerable interest. 

I am indebted to Dr. D. R. Bhattacharya, formerly Vice-Chancellor of the 
University of Allahabad, for his continuous guidamjc, help and encouragement. 

I am also grateful to th(^ late Dr. S. L. Kora, Director, Zoological Survey of India, 
foi- going through the manuscript. The present work was carried out during the 
tenure of a vSenior Research Fellowship awarded by the (Jovernmeut of India to 
whi(di I wish to oifer my thanks. 

Material and Technique 

Both HiUa ilislia and Gadusia chapra are available at Allahabad all tlie year 
round, but are found in abundance from August to November. The fishes were 
opened along the mid-ventral line. To fix the lining epithelium of the air-bladder 
in distendetl condition, it was necessary to puncture the bladder posteriorly (m situ) 
and immeriiatcly filling it with the fixative used, and also pouring the fixative over 
the bladder. By doing this all the shrinkage of the bladder was avoided on remova^/ 
from the body. The chief fixative generally used was Bonin’s picro-formol-acetii 
fluid. Sections of i]p to Sp were cut and stained with Delafield’s haematoxylm 
and coimterstained with 9*o%~M)% alcoholic eosin. The bony matter was decal- 
cified before embedding by a 3% solution of nitric acid in 7(y^o alcohol, 
and changing it every alternate day. Care was, however, taken to avoi^ over- 
deoalcifi cation. \ y 

♦ Part of tho tliosis accepted for the degree of Doctor of Philosophy in Science in the Uni- 
versity of Allahabad, India. 
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Observations 

Hilsa ilisha 

(a) Exterml morphology : The air-bladder in //. ilisha is elongated and 
extends the whole length of post- pericardiac coelom (PI V, Fig. 1, A.B.). On the 
ventral side it is intimately invested with the peritoneal lining, whereas dorsally it is 
in contact with the body- wall and separated from the vertebral column by the a.orta 
and the kidney. Its wall is smooth, thick and appears brownish in collapsed 
condition and shining when inflated. The diameter of the air-bladder is not uniform, 
the width being greatest in the middle, which is more distensible than the two 
extremities. The bladder suddenly tapt?rs posteriorly and ends blindly in the vicinity 
of the anal opening. In this case the bhuider does not open to the exterior as 
observed in certain American and British clupcoid tishes. Towards the anterior 
side also, the bladder narrows down gradually and becomes (cylindrical until, in 
the region of heart, it divides into two diverticulae of extremely thin calibre. Those 
are called the air-ducts (PI. Pig. 1, AD). 

The ductus pneumaticus arises from the posterior Wind end of the cardiac portion 
of the stomach and opens into the air-bladder in the mid-v(^ntral median line (PI. V, 
Fig. 1, Pn. D.). The diameter of the piuunnatic duct is greater near the stomach 
and (jomparatively less at the air-bladder end. It is an open communication between 
the air-bladder and the stomach, and it usually contains some mucus. The opening 
of the pneumatic duct in the stomach is guarded neither by valves nor by sphincter 
muscles. 

(i) Histology : The air-bladder wall of H. ilisha consists of two layers — tunica 
externa and tunica interna (PI, VI, Fig. 1, Tu. e/x, Tu. in). The former is composed 
mainly of two layers, i.e. an external special ‘nacreous layer ^ which is very thin 
and an innei* muscular (and not elastic fibres) layer which forms the major part of the 
tunica externa. The tunica interna consists of a layer of conjunctiva tissue which 
is not very thick and an innermost layer of c(3lls whi(*h have become larger and 
columnar. Masses of blood capillaries are packed together in these cells and are 
covered over by unmodified internal epithelium of the air-bladder (PI. VI, Pig. 1). 
The precoclomic diverticulum of the air-bladder is simply the tubular prolongation 
of the air-bladder and consists of both tunica extcniia and tunica interna. 

The wall of the ductus pneumaticus (PI. Vf, Fig. 3) shows the same layers as 
those of the air-bladder, but it differs from the latter in the absence of the closely 
aggregated blood capillaries. The other very interesting feature, hitherto un* 
reported, is the division of the ductus pneumaticus cavity. This is brought about 
by the formation of two septa in the inner wall of the pneumatic duct which go on 
developing towards each other until they meet in the middle and fuse completely 
dividing the cavity into two (PI. VI, Figs. 4'~f5). In due course one of the chambers 
enlarges, the other one consequently diminishes gradually and ultimately dis- 
appears, and a single cavity is left. This happens at interval at several places 
throughout the length of the pneumatic duct. 

» (c) The precoelornic diverticulum : As the air-bladder passes anteriorly over the 

pericardial cavity, it comes to lie between the head kidneys of the two sides. The 
\ntercostal aponeurosis, in this region, sends off two layers of considerable strength, 
I me running dorsal and the other ventral to the diverticulum. The precoelomic 
diverticulum (PI. V, Fig. 1, Pr. D.), supfiorted by the aponeurotic tubular sheath, 
runs anteriorly and becomes enclosed in a cartilaginous canal. The diverticulum 
being very .plicate and narrow in calibre, the aponeurotic sheath and the ‘ cartilage 
canal’ appear to give protection to it. The ‘cartilage canal’ is formed graduafly 
round the diverticulum and not abruptly as in several species of Clupea. 

• (d) The air-duct^ : The cartilage tube of the precoelomic diverticulum forms 

a Y-shaped structure, the base of which is single, median and short. Anteriorly, 
just behind the dorsal aorta (PI. V, Pigs. 1 and 2), it is divided into the two arms of 
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a Y which are called the air-duots. These ducts are also fonned of both tunica externa 
and tunica interna and are surrounded by a protective cartilage canal (PL VI, Fig. 2). 

The air- ducts of each side pass forwards and slightly outwards and upwards, 
and after running for a short distance in a groove in the exoccipital bone, penetrate 
the latter at a point situated immediately behind the fenestra between the 
exoccipital and the basioccipital, known as the auditory fenestra. 

(e) The. air-vesicles and ear-air-bladder connection : The air-ducts of each side, 
after penetrating the exoccipital bone, dilate to form a fusiform chamber (PI. V, 
Fig. 2). The wall of the chamber is thin, membranous and silvery white in ap- 
pearanc(^ The lumen of the air-ducts, though very fine, is continuous with that of 
the fusiform chamber. 

At the point where the exoccipital, prooiic and pterotic bones meet, the anterior 
narrow ciud of the fusiform chamber gives olT a lateral branch which enters a spherical 
cavity in the pUuotic bone known as the posterior or pterotic air- vesicle (PI. V, Fig. 2, 
PAV). The main branch of the fusiform chamber continues forward in a horizontal 
direction in a canal in the prootic bone, where it ends in a dilated vesicle known as 
the anterior or prootic air-vesicle (PI. V, Fig. 2, yiAV), 

The anterior air- vesicle is nearly spherical in shape and is flattened on the 
upper side where a blind caeca! prolongation of the recessus utriculi of the mem- 
branous vestibule of the car touches it through the opening situated dorso- posteriorly 
in the prootic bony capsule (PI. V, Fig. 2). It is of interest to note that the flattened 
dorsal wall of the anterior air- vesicle after uniting with the flat side of the blind 
caecum acts as tympanic membrane and thus the ear-air-bladder connection becomes 
very intimate. 

The posterior air- vesicle is comparatively smaller than the anterior one and is 
not in any direct connection with the membranous labyrinth, but it lies within the 
loops of the horizontal semi-circular canal. 

Oadmia chapra 

The air-bladder in the case of G, chapra, except for a few minor differences, 
resembles that of //. ilisha. in both morphology and histology. The air-bladder 
(PI. V, Fig. 3, x\,B,) is tubular and ends posteriorly in the vicinity of the anus 
without 0 |)oning outside. Anteriorly, this is continued into the precoelomic 
diverticulum and then gets enclosed in the cartilage? tube. The diverticulum divides 
into two air-ducts which penetrate the exoccipital bone and swells up into a 
fusiform chamber. It later on divides into the anterior and posterior air-vesicles 
(PI. V, Fig. 3, AAV, PAV). 

The pneumatic duct is large and is an open connection between the air-bladder 
and the alimentary canal. As in //. ilisha, the pneumatic duct becomes divided 
into two chambers at several places (PI, VI, Fig. 8). 

The bladder- wall (PI. VI, Fig. 7) is thin and is composed of tunica externa and 
tunica interna. The muscular layer is not so well developed as in //. ilisha 
Nacreous layer is found to be absent in this case. The innermost layer of tunica 
interna is not modified into columnar cells, but the blood capillaries are present, 
though not so much aggregated as in H, ilisha. 

Discussion 

The histology of both the air-bladder and the pneumatic duct of F. ilisha and 
0. chapra has revealed many interesting features. Corning (1888) and Eissele (1922) 
have described that the air-bladder of trout possesses longitudinal and circular muscle 
fibres. Evans (1925) has given a detailed account of the intrinsic musculature in 
cyprinids. But the muscular layer in H. ilisha is very much enormously developed 
and, as far as the author is aware, such a well developed muscular layer has not 
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yet b^n record^ in any other physostomous fish. G. cllapra also possesses this 
muscular layer, but it is not so well developed. 

Beaufort (1909), Rauther (1922) and Maier and Soheuring 
(1923) have described that, among Clupeidae and Salmonidae, the inner lining of the 
air-bladder is tmckened into cylindrical epithelium. The numerous capillaries which 
supply this ep^helium do not merge to form the rotia mirabilia. However. Rauther 
describes and figures associations of blood vessels in Cyprinus carpio and Cara^Aiua 
carcwsiw^, and he calls them retia mirabilia. Vincent and Barnes (1896) have grouped 
the r^-bodies into two groups. In the first group, the red- bodies may properly 
be called red glands, because in these cases the lining epithelium of the air-bladder 
passes over the masses of blood capillaries and becomes modified to form a distinctly 
glandular epithelium. Woodland (1911) has shown that, in these cases, the masses of 
blood capillaries get arranged and are known as retia mirabilia which may or may 
not be in communication with the glandular epithelium. Such types of glands are 
met with in physoclistous fishes. The second group, as described by Vincent and 
Barnes (1896), is represented by AnguilUi anguiUu where the red-bodies consist 
of simply a mass of capillary blood-vessels covered by an unmodified continuation 
of the iilternal epithelium of the air-bladder. In such types of fishes there is no 
true gland. In H. ilisha, the innermost layer of tunica interna has become large and 
columnar. Masses of blood capillaries are found here and they are covered over 
by an unmodified internal epithelium. I agree with Vincent and Barnes in that 
only such structures should bo referred to as ^ed- bodies’ or ‘vascular bodies’. 
In G. chapra the concentrations of blood capillaries are not found to that extent 
as in //. ilisha. 

The volume of the air-bladder in physostomous fishes is controlled by swallow- 
ing air at the surface or releasing gas bubbles. The gas enters or loaves the air- 
bladder through the pneumatic duct. In //. iluha and 0, chapra, the pneumatic 
duct is a relatively long, thick- walled tube running from the air-bladder and 
opening into the blind sac of the stomach. Generally this opening is guarded either 
by a valvular arrangement or by sphincter muscles. Both these devices control 
the passage of air from the air-bladder to the alimentary canal and vice versa. But 
in H, ilisha and G. chapra none of these mechanisms are present, but instead a very 
unique and interesting development has come into existence. This has been brought 
about by the formation of two septa in the inner wall of the pneumatic duct which 
go on developing towards each other till they meet and fuse, and thus completely 
divide the cavity into two. Later on, one of the chamber enlarges at the expense 
of the other, which consequently diminishes in size and ultimately disappears. Such 
a division occurs at several places in the length of the pneumatic duct. As a result 
of this arrangement, the air does not find an easy passage either from the gtomach 
to the air-bladder or in the opposite direction, because it ha^ to pass through a 
circuitous route caused by growths inside the pneumatic duct. But still the pneumatic 
duct does not function as an automatic safety valve which is forced open when the 
|)res8ure within the air-bladder rises to a critical level. This remarkable mechanism 
I which has taken up the function of the valvular arrangement or the sphincter muscles ^ 
mas not yet been recorded in any other fish. It is worth while examining if such an 
'Arrangement is also present in the British and American clupeoid fishes. 

The ear- air- bladder connection essentially resembles that of the American and 
British clupeoid fishes with some minor differences, e.g. the precoelomic diverticulum 
and the air- ducts in H. ilisha and G. chapra consist of both the tunica externa and 
the tunica ir^torna and not the latter only as stated by Tracy (1920) in the American 
clupeoid fishes. 

Summary 

The air-bl^der in H. iUaha is elongated and extend the whole length of post-pericardiac 
coelom is intimately invested with the peritoneal l ining ventrally. The air-bladder ends 
blindly li* the vicinity of the anal opening. The wall of the air-bladder consists of the tunica^ 
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externa, with a nacreous layer and a very well developed ’'muucular layer ; and tlie tunica 
interna where the mae«e« of blood capillaries are packed togetlu^r is coverecl over by an lumiodi- 
hed lining opithelium. This structure should bo regarded as ‘rod or vascular bodies*. There is 
no valvular arrangement or sphincter muscles at the opening of the pneumatic duct in stomach, 
hut its function is jjorformed by the divisions of pneumatic duct at several places. The ear-air- 
bladder connoction is essentially similar to that of other American and British clupeoid hshes. 

The air-bladder of G. chapra resembles with ff. ilisha in all details, except that in the former 
the muscular layer in the tunica oxtoma and the ‘rod -bodies* in the tunica interna are not so 
well developed. 
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Explanation of Plates 
Plate V 

Fits. 1. /f. ilLsha — Dissected vent rally to show the air-bladder. Pneumatic duct has been cut. 
„ 2. H. ilishn ^ — Hoik! disso(^tcd latoro -vent rally to show tho air-ducts ending in tho 
anterior and posterior air- vesicles. 

,, 3. O. chapra — Dissected vontro- laterally to show tho disposition of air-bladder. 
Pneumatic duct has boon out. Air-ducts^oiid air-vesicles are also shown. 


Plate VI 

Flo. 1. //. i/hsfAa — Photomicrograph of T.8. of tho air-bladder showing tunica externa and 

tunica interna. Iimerraost columnar layer is packed with blood capillaries, 
'runica externa has well developed muscular layer. 

,, 2. i/, ilutha — Photomicrograph of T.S. of tho air-duct showing the cartilage canal, timica 

externa and timica interna. 

„ 3. H. tlisha — Photomicrograph of T.S. of tho pneumatic duct showing the usual layers of 
the air-bladder wall, 

Fig8.4~6. H. tlisha — Photomicrographs of T.S. of the pneumatic duct sliowing its division. 

Fig. 7. O. chapra — Photomicrograph of T.S. of the air-bladder wall showing tunica 
externa, tunica interna and blood capillaries. 

„ 8. O. c/tapra — Photomicrograph of T.S. showing tho division of the pneumatic duct. 
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Abbreviations 

Anterior air-vesiole* 

Air-bladder. 

Air-duot. 

Anal opening. 

Blind caecum of reoesHvta utriouli. 
Blood oapUlaries. 

Columnar layer. 

Cartilage canal. 

Dorsal aorta. 

Exoccipital bone. 

Muscular layer. 

Mucus. 

Nacreous layer. 

Posterior air -vesicle. 

Pneumatic duct. 

Procoelomic divortioulurn. 

Prootic. 

Pterotic. 

Septa dividing the pneumatic duct. 
Tunica externa. 

Tunica interna. 


laamd November 15, 1956. 



ON THE MORPHOGENESIS OP THE YOLK-SAC GLAND JN 
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(Received April If}, 1955; after revision April 27 ; approved for reculimj on 

August 3, 1956) 

1. Introduction 

Ah early as 1840, Owen deH(3ribed the foetus of ‘Rousette' and drew attention 
to the strange appearance of the persisting umbilical vesicle constituting a kidney- 
shaped maHs with folds on its surface. The diagram of Robin (1881) of the gravid 
uterus nearly at full term of Pteropus edwardsii shows the presence of a gland near 
the placenta. 

Branca (1923) stated that the yolk-sac was converted into a gland of internal 
secretion. Gohre (1892) found that the yolk-sac of Pteropus edulis assumed the 
form of a coilfxl gland-like organ. Sprcnkel (1932) described the persistence of the 
yolk-sac in Megachiroptera in the form of a gland of internal secretion. No reasons 
wore given by him or by Branca for attributing an endocrine function to this gland. 
Moghe (19ol) also obsorve^d the conversion of the yolk-sac into a gland-like organ in 
Pteropus giganteus giganteus. He gave a photomicrograph of the structure of the 
gland nearly at full term. 

Mossman (1937) in the table giving the details of implantation, amniogenesis 
and foetal membranes of mammals stated that in Megachiroptera (Pteropus edulis 
and Xantharpya amplexicaudala) ‘the lumen of the yolk-sac in later stages of ges- 
tation is obliterated and tlie walls come close together and a solid vascular body is 
formed’. In the details given in the tables for the suborder Microchiroptera (families : 
Rhinolophidae, Hipposidcridae, Phyllostomatidae, Vespertilionidae and Molossidae), 
no mention is made of the conversion of the yolk-sac into a gland in any of the species 
belonging to those families of Microchiroptera. Judging from the detailed accounts 
of the development of these species of Microchiroptera it is certain that in none of 
them the yolk-sac is converted into a gland. This appears to bo one of the differences 
between the Mega- and Microchiroptera. 

Since the publication of Mossman ’s paper, the embryology of some more species 
of Microchiroptera, e.g. Artehius jajnaicensis pervipes (M’islocki and Fawcett, 1941), 
Myotis lucifugus lucifugus (Wimsatt, 1945), Scotophilus wroughtoni (Gopallu'ishna/ 
1949 and 1960), Lyroderma lyra lyra (Gopalkrishna, 1950), Taphozous lo7igimanu4 
((iopalkrishna, unpublished) and Rhinopoma kinneari (Srivostava, 1952), has been 
described. Only in two of these, namely Taphozous longimanus (Fam. : 
Emballonuridae) and Rhinopoma kinneari (Fam. : Rhinopomidae), it has been found 
that the yolk-sac is converted into a gland-like structure 8is it is in Megachiroptera 
(Moghe, 1954). 

It would be of interest to record here that the site of the chorio-aUantoic placenta 
is lateral in Taphozous longimanus and mesometrial in Rhinopoma kinneari as in 
Megachiroptera though in the other species of Microchiroptera it is antimesometrial. 

The Microchiroptera consist of 17 families (Simpson, 1946). It would be of some 
interest if characters are found in the two families, viz. Emballonuridae and Rhino- 
pomidae, and probably in some others whose embryology is not yet known, which 
would connect the Mega- with the Microchiroptera. 
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It is also interesting to note that Chiroptera is the only oixler amongst the 
mammals in which some of the species show the conversion of the yolk-sac into a 
gland-like structure. Its presence in only some members of only one group of 
mammals is difficult to explain. But it is possible to ascertain the nature and 
function of this gland. It is from this point of view that a detailed study of the 
yolk-sac has been undertaken. 

2. Material and Methods 

Gravid uteri of Pterojyiis (figaniens giganteus^ Cyn^ypUrm sphim- gan^geticus and 
Taphozous longimanua were collected round about Nagpur (Madhj^a Pradesh), and 
the uteri in various stages of pregnancy w^ore sectioned. Sections wore prepared by 
the usual paraffin method. Yolk-sac glands were also removed from the uteri 
showing very advanced pregnancy and they were fixed and sectioned. 

I have in my possession very nearly complete series of uteri of these three species 
so that progressive changes in the yolk-sac could be ascertained. I had the addi- 
tional advantage of examining sections of the gravid uteri of Pteropw and Cyno- 
pier us from the collection of Prof. Moghe and of Taphozous kmgimanus from the 
collection of Mr. A. Gopalkrishna, Rhinojmna kinueari was not available in Nagpur, 
but Dr. S. C. Srivastava sent me gravid uteri of this species fixed in various fixa- 
tives from Gwalior where they are found abundantly. I have also examined the 
sections of the gravid uteri of this species in the collection of Mr. A. Goj^alkrishna. 

3. Observations 

{a) Pteropus gigantevs giganteiis (Briinnich); 

General history of the yolk-sac, — The early formation of the yolk-sac and the 
subsequent changes it undergoes have been described by Moghe (1951). En the late 
limb-bud stage, the yolk-sac commences to assume the shape of a shrivelled bag. 
The entire yolk-sac lies partly on the lateral and partly on the mesometrial side 
below the chorio allantoic placenta. In a slightly more advanced stage the wall of 
the yolk-sac is throwm into folds and its lumen is considerably obliterated. Thus 
the yolk-sac becomes a bag with a very narrow lumen (PI. VII, Fig. 1). At mid-term, 
the waUs approximate more closely and the original lumen of the yolk-sac is obli- 
terated except for narrow slit-like spaces. It is very much reduced in size and lies 
completely below the chorio-allantoic placenta. During advanced pregnancy, it 
is converted into a gland-like structure (PI. VII, Pig. 2, and PI. VIII, Fig. 9). 

Histological changes in the yolk-sac wall, — In the early limb-bud stage the yolk- 
sac wall is not uniform in thickness. The abembryonic wall of the yolk-sac is thinner. 
The endoderm cells are columnar and have prominent nuclei and the cells lie close 
together (PI. VII, Fig. 3). On the mesodermal side the endoderm cells have large 
vacuoles. Mesoderm cells are fusiform and lie scattered. On the lateral side the 
wall of the yolk-sac is comparatively thick (PI. VII, Fig. 4). Between the endoderm 
and mesoderm layers vitelline vessels with nucleated corpuscles are present 
(PI. VII, Fig. 4). These give a beaded appearance to the yolk-sac wall. At the limb- 
bud stage, the entire yolk-sac wall is thrown into folds. Any portion of the wall 
shows essentially the same type of folding. The endoderm cells fold to form villi-like 
outgrowths each enclosing a space. Thus tubules are formed (PI. VII, Fig. 6), each with 
a lumen, and^the endoderm cells forming the tubule are large with prominent nuclei. 
The mesoderm cells retain the original position, but form masses over the endoderm 
wall and its villi. The villi of the endoderm sink deeper and separate from the rest 
^but the endoderm of the wall folds to form additional tubules (PI. VII, Fig. 6), 
the spaces within them representing the ducts of the tubules. Thus even a small 
portion of the yolk-sac wall from any region reveals a number of masses of endoderm 
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cells forming spherical ovoid tubules. More villi and more tubules are added by the 
continued folding activity of the endoderm layer of the yolk-sac wall. Over the 
entire endoderm layer with its villi the mesoderm continues to form a covering 
layer of scattered and fusiform cells, one or two deep. The process of the folding 
of the wall and the formation of the large number of tubules becomes complete. 

At mid-term stage the walls of the yolk-sac approximate and the yolk-sac lumen 
is very much reduced. The endoderm cells continue to form more villi. An 
examination of a small portion of the wall in any region shows a large number of 
such tubules each with a lumen (PI. VII, Pig. 7). Two more points of interest may be 
mentioned. A vitelline capillary may be enclosed by the endoderm cells in a 
tubule (PI. VII, Fig. 8). The tubule is thus lined by the endothelial cells of the 
capillary and endcxierm cells. Such tubules contain blood corpuscles. 

Towards the close of the gestation |>eriod, the cells of the tubules become very 
much largo in size. The lumen of the tubule is beginning to be lost and thus cells 
which form the wall of a tubule become now scattered masses of cells; each mass is 
of three to lour colls with very large nuclei. The nuclei of the cells are vacuolated 
(PI. V ill, Fig. 9). It seems that the tubules break down into synci/tial masses, each 
mass consisting of three to four cells whose outlines cannot be made out and having 
prominent large vacuolated nuclei. 8uch cell masses are separated from each other 
by intervening spaces. 

A fully formed yolk-sac gland at full term (PI. VII, Fig. 2, and PI. VIII, Fig. 9) 
shows groups of syncytial cell masses whose glandular activity seems to have come to 
an end. Such syncytial masses contain within them mesodermal cells and an entire 
group of such a syncytial mass is covered over with mesodermal cells. In some 
of thesci groups a large vitelline capillary can be seen generally with or without 
blood corpuscles. 

(6) Cynopierus sphinx garigeMcus (Anderson).- 

Oeneral history of the yolk-sac . — In this bat the development and subsequent 
changes of the yolk-sac and its final disposition are similar to those in Pteropus. 
But the gland is very much smaller in consequence of the smaller size of the animal 
and the foetus. The yolk-sac assumes the form of a shrivelled bag and later lies 
below the placenta on the mesometrial side and finally becomes glandular 
(PI. VIII, Fig. 12). 

Histological changes in the yolk-sac wall , — The histological changes in the yolk- 
sac wall are similar to those in Pteropus. 

The endoderm layer of the yolk-sac wall at the pre-limb- bud stage consists of 
slightly columnar cells with nuclei on the side of the yolk-sac lumen and vacuoles 
on the side on which mesoderm cells lie. The wall folds to form villi and some of 
these villi are formed round the vitelline capillaries (PI. VIII, Fig. 10). The mesoderm 
cells retain their original position. 

The lumen of the yolk-sac when it is finally transformed into a glandular struc- 
ture still persists os slit-like discontinuous spaces till a late period of gestatioi 
(PI. VIII, Fig. 1 1 ). On account of these slits the endoderm cells form a layer on each 
aide of a slit. The endoderm wall folds to form villi. In its final condition the gland 
shows the same structure as in Pteropus (PI. VIII, Fig. 12). 

While there is thus a similarity in the changes leading to the transformation of 
the yolk-sac into a gland, it is formed very much earlier in gestation than in 
Pteropus, 

(c) Taphozous Umgimanus (Hardwicko) ; 

Oeneral history of the. yolk-sac , — This is a microchiropteran species in which the 
yolk-sac becomes glandular as in Megachiroptera. The general history of the 
yolk-sac is similar to that of Pteropus and Gynopterus, In the early limb-bud 
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stage the yolk-sac becomes a shrivelled bag. The lumen is reduced and the bag 
lies below the placenta which in this animal is lateral. The endoderm layer folds to 
form villi. Some of these are formed round the vitelline capillaries. At a later 
stage, i.e. at mid-term stage, the tubules of the gland consisting of endoderm cells 
and surrounded by mesoderm cells lie close to each other. The lumen of the 
yolk-sac is reduced but not completely lost, and in a fully formed gland a bunch of 
tubules is separated from the adjacent bunch by spaces which aix) the remnants of 
the yolk-sac cavity. 

Histological changes , — In the early limb-bud stage the yolk-sac is an elongated 
ovoid structure with folded walls (PI. VITI, Fig. 13). The endoderm cells are columnar 
with spherical nuclei. Cells lie close together. Endodermal folds appear in some 
regions only. Some of these villi form closed tubules with lumina (PI. VIII, Fig. 14). 
Fewer tubules are formed compared with those of Pieropus and Cynopterus, The 
mesoderm cells lie outside the endoderm cells and are fusiform in shape. They 
form a continuous covering to the endoderm layer. 

In the late limb-bud stage endoderm villi are more numerous and some portions 
of the wall do not form any folds at all. The endoderm layer is thick, colls being 
four to live deep (PI. VIII, Fig. 14) and since these and the villi project into the lumen of 
the yolk-sac wall, the lumen is further reduced. In a fully formed gland (PI. IX, Fig. 
15) the lumen of the yolk-sac persists and masses of the gland tubules are soparatcxl 
from each other by spaces which are the remnants of the lumen of yolk-sac. Each 
tubule consists of endodermal columnar colls surrounded by mesoderm cells. 
Some tubules enclose blood vessels lined by endothelium and contain nucleated 
blood corpuscles. In a fully formed gland some of the spaces are full of secretion. 

(d) Rhinopoma kinneari (Wroughton); 

General history of the yolk-sac, — In this microchiropteran bat belonging to the 
family Rhinopomidae the placentation is mesometrial which is unusual amongst the 
Microchiroptcra. In this respect it resembles Megachiroptera. The yolk-sac waU 
has the same general history as in the other three species described. It shrivels, 
the walls are thrown into folds, and the lumen is considerably reduced. It later 
lies below the placenta. But as in Taphozous the original lumen of the yolk-sac i* 
never completely obliterated. 

Histological changes , — The yolk-sac is in the form of a shrivelled, ovoid, elon- 
gated bag, and the wall nearer the placenta folds to form villi (PI. IX, Pig. 16) as in 
Pteropns, Cynoptervs and Taphozous, But the other wall remains mostly without 
much change and whatever portion of it does fold, the villi formed are simple. The 
endoderm forms villi (PI. IX, Fig. 17) which are then cut off from the endoderm wall 
which continues to form more villi. Thus a certain number of tubules are formed. 
The method of folding is the same as in the three foregoing species and, as in them, 
some of the tubules enclose blood capillaries with endothelial lining round which 
mesoderm is present. Some of the spaces between the tubules are filled with 
secretion as in Taphozous, 

The endoderm is columnar and vacuolated forming a continuous layer. The 
mesoderm cells are fusiform. The endoderm cells are two to three deep. It will 
be noticed that the mesoderm cells in the region of the wall where villi are not formed 
form only a single layer of scattered fusiform cells which are more numerous round 
the villi and tubules. Finally, the yolk-sac is converted into a gland (PI. IX, Fig. 18). 

* 

DiscxrssiON 

In all the foregoing species in which the yolk-sac wall has been studied the 
changes in the yolk-sac wall follow the same general plan. At a certain stage of 
development the splanchnopleurae of the yolk-sac is withdrawn from the area 
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occupied by the yolk-sac and the latter assumes the form of a shrivelled bag lying 
at first laterally and later below the chorio-allantoic placenta. In Pteropus and 
Cynopte.rud the placenta is mesoraetrial and the yolk-sac in the form of a shrivelled 
bag lie.8 below the placenta on the mesornetrial side. In Taphozoua the placenta is 
lateral and tluj yolk-sac lies on the lateral side. In Rhinojjonui the placenta is on 
the mesornetrial side and the yolk-sac lies on that side. 

In all cast's the wall of the bag undergoes the same histological changes. In the 
first in.staricc the endoderm folds to form villi. These become closed tubules, some of 
them enclosing blood capillaries with nucleated blood corpuscles (not eniicleated as 
stated by Srivastava, 1952). More villi are formed. The endoderm cells are 
columnar with prominent nuclei. The mesoderm cells retain the same position. 
'Fhcse aie fusiform colls and not forming a continuous layer. In Pteropiis the lumen 
is completely obliterated, in Vyrwplerua it persists only in the form of very small 
irregular slits, but in the two .Microchiroptera the original lumen persists and runs 
between the bunches of the (ubules of the gland. In Shinopoma, however, the fold- 
ing is much siraplor, considerable j)ortions of one wall not folding at all. 

'J'o wards the end of gestation the endoderm cells of the tubules of the gland 
hyjMii'trophy and form masses. It seems that the secretory function of the gland 
comes to an end. 

There arc two aspects of the ])henomenon connected with the conversion of the 
yolk-sac into a gland: (I) the physiology of the gland, and (2) its occurrence in 
both Mega- and Microchiroptera. 

I propose to describe in a later i)aper the cyto- and histo-chemistry of the gland 
and the correlation between tin? development of the corpus luteum and the gland. 

1 hope these studies may throw light on the probable function of the gland. 

Here I shall coniine my rtunarks to interordinal relationship of mammals. 
Mossman (19:17, page 191) has suggested that the ancestral stock of placental 
mammals was characterized by the possession of ‘ antimesometrial disc, large 
yolk-.sac and allantoic vesicle. Redominant chorio-allantoic placentation of broad 
zonary labyrinthine endothelio chorial type’. From this ancestral stock the 
Mega- and Microchiroptera diverged along different lines: Megachiroptera charac- 
terized by the possession of ‘free, solid gland-like y.s. All. v. (?) Mesoraetrial, laby. 
hemochorial placenta’. The Microchiroptera, on the other hand, representing 
another line in evolution and characterized by ‘ small all. v. Some have endothelio 
chor. aces. placentae’, ’fhe intcirnediato stage in this evolution of Microchiroptera 
possessed ‘antimesometrial disc. Incora-inversion y.s. Antimeso. laby. hemo- 
chorial placenta’. Evidently, Mossman (1937) based this phylogeny on the basis of 
the facts known to him. In Microchiroptera, there are at least two species, Tapho- 
zous loncjimanna and Rhinopoma kinnmri, belonging to two different families in 
which the yolk-sac becomes gland-like as in Megachiroptera and in one of them, viz. 
Rh. kimieari, oven the site of placentation is mesornetrial as in Megachiroptera and 
in the other, viz. T. longimanus, the placentation is lateral. It is possible that there 
may still bo some other Microchiroptera whose embryology is not at present known, 
which may show characteristics in their development similar to those shown by 
Taphozous and Rhinopoma but different from those so far recorded in other Micro- 
chiroptera. I suggest that the Mega- and Microchiroptera are more nearly related 
to each other and such similarity as is shown by them is not a case of convergence in 
evolution. 

Abstract 

Tho phenomenon of the conversion of the yolk-sac wall into a gland has been reported to 
occur in Megachiroptera but not in Microchiroptera. It has now been foimd to occur in two 
species of the latter group, viz. in Taphozoua lotigimanus (Hardwicke) and in Rhinopoma hinneari 
(Wroughton). The process of conversion is essentially the same both in Mega- and Micro- 
chiroptera. Tho endoderm layer of the yolk-sac wall folds to form villi which become closed 
tubules. The endoderm cells of these tubules later become syncytial and, at term, their nuclei 
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become very largo ivnd vacuolar. Since a yolk-sac gland is formed in both groups of Chiroptera, 
they seem to more intimately related to each other and the theory that their rosomblanoe 
to each other is probably duo to convergonoe in evolution needs revision. 
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Explanation of Plates VII-IX 

All figures are photomicrographs. 

Figs. 1 to 9. Pteropua giganteua giganteua. 

Mid-tenn stage. The walls of the yolk-sac approximate, and hence the hunen of the 
yolk-sac is very much reduced, x 20. 

Sections of a fully formed gland removed from below the placenta prior to parturi- 
tion. X 260. 

A portion of the vascular yolk-sac wall at the abembryonic pole on the antimosometrial 
side showing vacuolated columnar endoderm colls and fusiform mesoderm cells. 
X350. 

A portion of the yolk-sae wall on the lateral side, x 360. 

A portion of the yolk-sac wall at late limb-bud stage to show the folding of the endo- 
cferm to form villi. X 350. 

Another portion of the yolk-sac wall. The folding is more pronounced. X 360. 
Yolk-sac wall showing endoderm tubules. x350. 

A tubule which h£w siuroimded a capillary. x360. 

A portion of the fully formed gland showing break-down of tubules, the endoderm 
cells forming syncytial masses of throe to four cells ; the mesoderm cells are on 
the outside of one such portion and also occur between the masses, x 350. 


Fio. 1. 
„ 2 . 
„ 3. 


4. 

5 . 

6 . 

7. 

8 . 
9. 
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Fio«* 10 TO 12. CynopteruB sphinx gangeikus, 

Fio. 10. Tho folding of tho endoderm to form villi. Mesoderm cells are outside the tubules. 
X 350. 

„ 11. Yolk-sac gland at late stage lying below the pla<?onta. Note slits representing the 
lumen of tho yolk-sac. x40. 

„ 12. Fully formed yolk-sac gland. x350. 


Fios. 13 TO 15. Taphozoua longimanus, 

Fio. 13. Early limb-bud stage to show the two walls of the yolk-sac approximating each other 
and thrown into folds, x 40. 

„ 14. Endoiierm tubules are formed. x360. 

15. Fully formed gland. x350. 


Fios. 16 to 18. Rhinopama kinnmri. 

Flo. 16. Yolk-sac in tho form of a shrivelled bag. A considerable part is free from folding. 

x20. 

„ 17. Endoderm folding to form villi. x350. 

,, 18. Fully formed gland, x 130. 


Issued November 15^ 1956, 



SOME OBSERVATIONS ON THE FOETAL MEMBRANES OP 
THE INDIAN PALMCIVET, PABADOXUBUS HEBMA^ 
PHBODITUS HEBMAPHB0DITU8 
(SCHRATER) 

by M. A, Moghe, Y.^A.yDeiHirtment of Zoology, Poona 
University, Poona 7 

(Beceived February 15 ; approved for reading on May 4, 1956) 
Introduction 

A perusal of literature on the foetal membranes of the Carnivora reveals that, 
while extensive work has been done on the common carnivores, little is known of the 
early development and placentation of wild forms particularly of some families. 
A study of the development of carnivores is all the more interesting, because even 
amongst the forms whose embryology has been studied, there are differences in the 
morphology of the foetal membranes. Further, due to paucity of information on a 
number of families, attempts to explain phylogeny and inter-relationships of the 
carnivores can only be regarded as tentative and even unsatisfactory. This is 
obviously due to the difficulty of obtaining material of wild forms for study. Viver* 
ridae is one of such families of the Carnivora and includes two subfamilies — Vivor- 
rinae and Paradoxurinae. The only record of the description of foetal membranes 
of Viverridae is by Strahl (1905) on the foetal membranes of Viverra civetta. The 
present study on the foetal membranes of a species of Paradoxvrus belonging to the 
subfamily Paradoxurinae may prove to be of interest and value as it is the first 
account of the foetal membranes of a member of this subfamily. 

Since the publication of observations on the placenta of dog by Bojanus (1820), 
several workers have studied the development and placentation of some fissipede 
carnivores. Animals which have been studied are dog (Duval, 1893 and 1894 ; 
Bonnet, 1897, 1901 and 1902 ; Strahl, 1890), cat (Duval, 1894 and 1895 ; Strahl, 
1905 ; Mossman, 1937 ; Hill and Tribe, 1924), racoon (Watson, 1881), ferret (IJischoff, 
1845; Strahl, 1889; Strahl and Ballmann, 1915), zorilla (Rau, 1925), Viverra 
civetta (Strahl, 1905), brown bear (Rau, 1925), tiger (Srivastava, 1952), and Felis 
(’Panthera) leo (Mossman, 1937). The facts recorded by the foregoing authors may 
be briefly summarized as follows : — 

Canidae : Ripe placenta is in the form a of broad belt (zonary) occupying the 
equatorial region of the gestation sac. There is a haematomal band on each of the 
two margins of the placental belt. The placenta is lobular, labyrinthine and endothe- 
liochorial. The allantoic vesicle is largo. The yolk-sac placenta is well developed 
during early stages of development ; later, the yolk-sac splanchnopleure is withdrawn 
from the placental site, and the yolk-sac becomes a collapsed bag. 

Procyonidae : The condition of the yolk-sac is similar to that of the dog. The 
placenta is zonary and endotheliochorial, but the placental belt is incomplete on the 
dorsal aspect of the embryo. Haematoma on the margins of the placental belt are 
absent. ^ 

Mustelidae : In early morphogenesis, the chorio- allantoic placenta of ferrets is 
zonary, but in late stages it assumes the form of two mesometrial discs. There is 
but a single haematome on the antimesometrial side. The placenta is labyrinthine 
and endotheliochorial. In Zorilla striata, however, Rau (1925) describes the pres- 
ence of two haematoma, one lateral to each placental disc, the median haematoma 
being absent. 
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Ursida-e : Placenta is zonary, labyrinthine and endotheliochorial without mar- 
ginal haematoraa. 

Felidae ; Placenta is zonary, as in dog, lamelliform and endotheliochorial. 
Marginal haematoma are present but very impi^rfectly developed. 

V’^iverridae (subfamily \''iverrinae) : Placenta is aimular, zonary, labyrinthine 
and ondotholiocfliorial. Nothing is known of the condition of haematoma. 

'Ihe facts summarized above indicate that in the Carnivora the placenta is 
gfmerally zonary in shape, labyrinthine and endotheliochorial. Only in Miistelidae 
and Crsidae, it is not in the form of a belt, but it is disc-shaped, double iiiMustelidae 
and single in Ursidae. In Procyonidae, the placental girdle is incomplete on the 
dorsal side of the embryo, 'rheso are al.so variations in the disposition and in the 
extent of the development of haematoma. In Canidae, they are well developed, 
while they are poorly developed in Felidae. In Mustelidae, the haematoma occur 
either on the lateral side of each disc or as an antimesometrial patch. In Ursidae, 
the haematoma form a ring round the margin of the single placental disc and in 
ihocyonidae, the marginal haematoma are absent. 

Material and Methods 

A pregnant specimen of Paradoxurus her7naj)hrodiins hennaphroditus was 
captured in Nagpur on 16th May, 1954. There were three embryos, one in the right 
horn and two in the left horn of the uterus. The uterus with embryos in situ was fixed 
in alcoholic Bouiu’s fluid after injecting some fixative through the cervix into the 
uterus. The material was transferred to fresh fixative every day for four days and 
later it was pres<.)rved in 70% alcohol. 

The usual method of dehydration by passing the specimens through graded 
alcohols and later clearing and embedding in paraffin was employed. Both vertical 
and transverse sections of separate^ gestation sacs were cut. Sin tions vv ere prepared 
with Ehrlich’s luiematoxyliii couiiterstained with eosin. 

Observations 

(a) Hr productive organs . — The uterus (Text-fig. 1) is l)icoruate as in all other car- 
nivores. The left horn contained two embryos and the right horn one. All the 



Text-itio. 1. Female reproductive organs of Paradoxurus h, hermaphrodUua (ventral view), 
xco. 3. 


«m. 7, 2, 3, embryos ; //., fallopian tube ; (W., ovary ; vg,^ vagina. 
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three uterine swellings were nearly of the same size being approximately 3*2 cm. in 
diameter. The head ends of embrj^os were directed towards the cervix, and the 
dorsal side of each was against the lateral side of the uterus. All the embryos were 
practically at the same stage of development, and each measured 2*6 cm. in length 
from the tip of the snout to the hme of the tail. The embryos were fairly advanced 
in development showing the limbs, toes and ear pinna. A few vibrissae were aetm 
on the snout. Sections revealed that erythrocytes were enucleate and the long 
bones had commenced to ossify. 

(b) Foetal niemiranes , — ^The general appearance of the chorionic sac after it 
was peeled from the uterine wall is shown in Text -fig. 2. The placenta is in the 



TexT'Fk;. 2. C'horionic of Paradoxurus h, hermaphrofJilus to show tho placenta I baud, the 
position of haematoma and tho placontal gap. . ca. 30. 
ch, s,, chorionic sac; A., hacanatoina; plb.y placonOil band. 

form of a uniform wide belt or girdle meaKSuring 2'() cm. in width, round tho equa- 
torial part of the chorionic sac. The placental girdle is not complete, there being a 
gap on the antimesometrial side (PI. X, Pig. I, pig.) measuring 0*5 cm. in width. Tho 
two margins of the placental belt are darker in colour, and these indicate the posi- 
tion of haematoma which, in this carnivore, are j)oorly developed. 

The general disposition of the foetal membranes is shown in PI. X, Pig. 1 , which 
represents a transverse section of one of the three gestation sacs. The foetus lies 
in tho centre of the uterine cavity slightly towards the antimesometrial asj>ect. 
The amnion is closely adherent to the body of the foetus, and on the antimesometrial 
side, it is also adherent to the imier wall of the allantoic vesicle (j.), resulting in the 
formation of a common membrane. The yolk-sac (ys.) is disposed on the meso- 
metrial side as a collapsed bag with wrinkled walls. The allantoic vesicle (all. v.) 
is large and the allantochorion is apposed to the placental surface. The placenta has 
the .shape of a horse-shoe and it receives blood capillaries on the entire surface 
through the allantochorion. The placenta is almost uniform in thickness. Tho 
space (PI. X, Pig. 1 , -r.) outside the placental zone between tho placenta and the uterine 
muscularis is an artifact caused by shrinkage during fixation and dehydration. 

Amnion : The amnion is a thin bilaminar membrane enclosing the foetus. It 
is attached to the base of the umbilical- cord and is free on all sides except on the 
antimesometrial where it is closely adherent to the inner wall of the allantoic vesicle 
(j.). The amnion membrane consists of an inner ectodermal layer of highly flat- 
tened cells appearing fusiform in sections, with fusiform nuclei and containing granu- 
lar cytoplasm and an outer mesodermal layer with loosely arranged flattened cells. 
Only the part of the amnion layer which is adherent to the inner wall of the aUantoio 
vesicle is vascular owing to the presence of allantoic capillaries. 

Yolk-sac : This lies as a shriveUed bag on the mesometrial aspect of the gestation 
sac. The yolk-sac splanohnopleure (PI. X, Pig. 2) is profusely supplied with vitelline 
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veiasek {vit v.) whose presence gives the yolk-sac wall a beaded appearance. The 
mcBodermal layer of the yolk-sac is often 3-4 cells deep and is made up of fusifonn 
flattened cells with fusiform nuclei. The endodermal lining is uniformly a one- 
celled membrane with cubical cells and spherical nuclei. 

Allantois : The wide allantoic vesicle {all. v.) completely obliterates the exo- 
coelom except in the regions where the inner wall or the foetal surface of the allan- 
toic vesicle is not in contact or cohesion with either the amnion or the yolk-sac. 
The (foetal) wall of the allantoic vesicle (PI. X, Pig. 3) is made up of an inner endo- 
dermal layer of flattened to serai- cubical cells reinforced by allantoic mesoderm (m.) 
consisting of loosely arranged flattened fusiform cells. Blood capillaries occur in 
several places in this the inner wall of the allantoic vesicle. Very often the endo- 
dermal cells of the aUantois can be recognized only by topography and not by any 
delinitc structural characteristics, since they almost resemble the mesodermal cells 
of the allantoic. Its cohcvsion with the amnion has already been referred to. 

On the other hand, the placental wall of the allantoic vesicle (PI. X, Fig. 4) shows 
a clear distinction between endodermal (ew.) and me^sodermal (m.) cells comprising 
it. The forrm^r not only form a uniform layer, but are distinctly semi-cubical, 
whereas the inesoderm shows piUd up clusters of cells which are invariably flattened 



Tcxt-fio. 3. Transverse s<M;tion through one chorionic sac of Paradoxurus h. hermaphroditus 
to show the general disposition of foetal membranes, xca. 70. 
am. c.y amniotic cavity; all. p.. allantoic placenta; all. v., allantoic vesicle; exo.^ 
oxecoolom ; j., wall of amniotic cavity adhering to the wall of the allantoic vesicle ; mes,, 
mesometrium ; pig,, placental gap ; x., space which is artifact ; ys,, yolk-sao. 
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or stellate. This mesodermal layer with its loosely arranged cells and oarr3ring 
allantoic capillaries enters into spaces of the placental labyrinth (PI. X, Pigs. 4 ami 6). 

Placenta : The placenta is formed on all sides of the uterus as a bolt excepting 
on the strictly antimesometrial side where there is a small gap (Text-fig. 2). 

In a transverse section of the uterus povssing through the plaamta the following 
regions can be made out: (1) placental labj'^rinth, (2) transition zone, (3) deep glan- 
dular zone, and (4) muscularis. The placenta is horse- shoe- shaped. 

The foetal surface of the placenta is lined by the allantochorion which shows 
the presence of a large number of allantoic capillaries (PI. XI, Fig. 6). The allanto- 
chorion (all, c,) with its capillaries enters the placental labyrinth. Thus, the 
placental labyrinth presents a very complicated appearance as it consists of branching 
and interlacing villi disposed radially (PI. X, Pig. 5). The villi are in the nature of 
flakes or lamellae hanging from the uterine wall, and only at their distal extremity 
(i.e. towards the foetal surface of the placenta) are the lamellae unbranched. The 
lamella or the villas in section is macle up of syncytical trophoblast. The core of 
each villus contains a maternal cajfillary (PI. XI, Fig. 0 , tne,) which is lined by endothe- 
lial cells, and immediately surrounding it, there is a trophoblast layer containing 
scattered nuclei. At the periphery of the villus, however, the nuclei are large and 
are arranged in rows. Thus, the trophoblast surrounding the maternal capillaries 
inside the villi can bo distinguished into two regions : an inner hyaline layer with 
scattered larger nuclei surrounding the endothelium of the caj)illai*y and an outer 
granular region with spherical nuclei arranged in a regular row. 

The endothelial cells lining the maternal capillaries inside the villi are of the 
usual type : cuboidal with spherical large nuclei. The maternal capillaries are larger 
on the foetal side of the placenta but become smaller towards the transition zone, 
(PI. XI, Fig. 7, me,) and the endothelial cells also become more flattened. No giant 
cells were observed in any part of the placenta. 

Outside the zone of the placental labyrinth the tissue is rather weak and usually 
tears off during fixation and dehydration. In this transition zone (PI, XI, Pig. 7) the 
ends of the placental trophoblastic lamellae unite forming a sheet of syncytiolro- 
phoblast, and the endometrial tissue surrounding it consists of degenerating cells 
with indistinct boundaries. The nuclei, however, are prominent and irregular in 
shape. Maternal capillaries are present in this region. 

Outside of this transition zone, a region of the endometrium lines the muscularis. 
Highly hypertrophied remnants of uterine glands (PI. XI, Fig. 8, itg.) with large 
lumina occur in this region. Gland cells are large and cuboidal with vesicular 
nuclei. The muscularis con.sists mostly of circular muscles enclosing wide spaces. 

The haernatoma are very poorly developed in Paradoxurus and are covered 
with trophoblast and enclose a small quantity of extravasated blood (PI. XI, Fig. 8), 
The condition resembles that of a cat. The placental gap is quite w,ell defined 
(PI. XI, Fig. 9, pig,). 

Discussion 

Though a detailed discussion on the development and placentation of P, h, 
hermaphroditus is not possible from observations recorded in this paper, based as 
they are on one stage of advanced development, it would be of interest to mention 
a few obvious peculiarities. The general disposition of the foetal membranes is 
typically calrnivorous — shrivelled yolk-sac, large allantoic vesicle and its inner wall 
adherent to the amnion at some places. The allantoic vesicle deviates a little from 
the condition found in other carnivores. The placental belt is incomplete on the 
antimesometrial side, so that in transverse sections, placenta has the shape of a 
narrow horse- shoe resembling that of Procyon lotor (Watson, 1881). The poor 
development of marginal haernatoma in the palmcivet also resembles the condition 
in P, lotor. It is likely that during the early stages of development, the placental 
band is complete and becomes incomplete as pregnancy advances. 
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While (liHeuHsifig the ovolutiori of the placenta in the Carnivora, Ran (1925) 
has stated that, on palficoritologieal evidence, Miistelidae, Ursidae, Frocyonidae and 
Canidaeform one line of evolution and V'iverridae, Hyaenidae and Felidae represent 
another liiie. In Canidae and Felidae, the placenta is completely zonary, but hae- 
matorna are well developed in the former and poorly developed in the latter. There 
is a distinct tcmdencjy for the placenta to become lobular in Canidae, but not so in 
Felidae. I'hus, there is considerable justification for regarding Felidae and Canidae 
as forming different lines of evolution. In other families so far studied there are 
interesting variations in the morphology of the placental baud, incomplete in 
Frocyonidae, reduced to a double discoid condition in Mustelidae, and a single disc 
in Ursidae. However, in all these families the original conditioh of the placenta, 
when lirst formed, is zonary and the zonary condition is reduced, as development 
proceeds, to a double discoid or a single discoid condition. Rau (1925) also main- 
tains that the placenta of Mustelidae is structurally more eifficient as an organ of 
foetal nutrition than that of a dog or a cat, and the placenta of bear is more efficient 
than that of Mustelidae. 

The placental morphology Paradox urns resembles closely that of Frocyonidae. 
Tlui oocurnuice of lamellar plaecuital labyrinth connects Viverridae with Felidae. 
Nothing is known of the placentation in Hyaenidae,* and hence it is not possible to 
determine the relationship of Viverridae with Hyaenidim. At the most, it may be 
suggested that specialization of placenta in the canid line of evolution also occurs 
in the^ felid line on the assumption that Vivemdae is included in the latter as is 
warranted by studies on comparative anatomy and palaeontology. But the hae- 
matoma are absent in both Frocyonidae and Faradoxurinae. Nothing is known 
of the condition of haematoma in \dverrinae, Vwerra civetta. If on further exami- 
nation it is found that the haematoma arc absent in Viverrinae as in Faradoxurinae 
(both belonging to family Viverridae), tlnm Frocyonidae is more allied to Viverridae 
and Felidae and should be included in this lino of evolution. But at present, there 
are wide gaps in our knowledge of the placenta of Carnivora, and hence any attempt 
to suggest lines of evolution and relationship (Rau, 1925) should bo regarded as 
tentative. 
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Summary 

The foetal mouibranoa of the Hubfamily Faradoxurinae of the family Viverridae arc not 
known, and this paper contains a few observations on a member of this subfamily Pdradoxurns 
hertnaphrodiiua herrnaphroditus. The amnion is a thin non-vascular membrane except where 
it is in contact with the vascular inner wall of the allantoic vesicle. The yolk-sac is a collapsetl 
bag hanging on the raesometrial side. The allantoic vesicle is large and practically obliterates 
the exoooelorn. The allantoic placenta, thought zonary, shows a marked gap on the anti- 
mesomotrial side. The phujenta is endotheliochorial end lamolliforrn with the lamellae arranged 
radially. The haematoma are absent. 
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ON THB] DEVELOPMENT AND PLACENTATION OF A 
ME<;ACHIR0WERAN BkH—CYNOPTEIlVS SPHINX 
GANGETICUS (ANDERSON) 


by M. A. Moghe, F.N.I., ! department of Zoology, Poona University, Poona 7 
(Received February 15 ; approved for reading on May 4, 1956) 

Tn TRODUCTION 

In a prcviouH paper (Moghe, 195 J) I described the early stages of development 
and the structure of the placenta of a species of Pteropodidae, Pteropus giganteus 
giganieus (Briinnich). A brief account of the previous work on the embryology 
of Megachiroptera was also included in the paper. In this paper, I propose to 
describe some stages of development of another species of Pteropodidae, viz. 
Cynopteras sj)hinx gaugeikus (Anderson). While in many respects the embryology 
of this species agrees with that of other Megachiroptera, it, nevertheless, presents 
some peculiarities which seem to be interesting. Keibel (1922) described the deve- 
lopment of (Jynopieriis niarginaius and stated that, though Xantharpya arnplexi- 
candata described by Kohlbrugge (1913) and Pteropus ed^dis described by Selenka 
(1892) and by (iohre (1892) are allied to Cynopterus and belong to the same sub- 
family, his observations on Gynopterns were different from those of Kohlbrugge, 
Selenka and Cohre. Keibel described the early stage of development, formation 
of primitive amniotic cavity, and the part played by trophoblast in the initial stages 
of the formation of the placenta. The implantation and amniogencsis of C, margi- 
nat'iu$ differ from other Megachiroptera. 

The morphogenesis of foetal membranes in Chiroptera has been summarized by 
Mossman (1937, p. 207). Regarding amniogencsis, he states that in Megachiroptera 
it is formed by cavitation and the early features are alike in both species (viz. 
P. ednlis, C. marg hiatus). In the description of figures in Plate 8 he further 
comments on the general inadequacy of descriptions relating to the development 
of Megacliiroptera. 

Iyer (1949) in a report submitted to the National Institute of Sciences of India 
on the reproduction of Cynopterus sphinx sphinx (Vahl) observes, ‘This bat is 
probably polyoestrous and that the statement of Marshall (1922) that bats are not 
polyoestrous is not strictly correct.’ 

Phillips (1924) made the following observation on Cynopterus braxdiyotus 
ceylonensis, ‘In Passora, females have been found with young in May and again 
at the end of August. Out of four shot on August 29th one had a young one at the 
breast, while the other three had not yet brought forth. They were living in com- 
pany of a young male but the old males were living by themselves’ (p. 14). 

I do not know of any other work on the breeding seasons or the development of 
any of the species of Cynopterus. In view of the very inadequate data available, 
I think that the observations recorded in this paper will add to our knowledge of 
the subject. 

Material and Methods 

Specimens were collected in and around a radius of about 100 miles of Nagpur 
(Madhya Pradesh, India). The uteri of both sides with other parts of the female 
genitalia were fixed in alcoholic Bouin’s fixative. Both horns of the uteri were 
sectionised except in cases of noticeable and advanced pregnancies. Fifty-two 
specimens were examined and it was possible to obtain conceptuses in nearly all 
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stages of development, except early stages of cleavage of the egg. Uteri with the 
contained embryos were also sectionised. Uteri containing embryos in very 
advanced condition of development were cut open so ius to observe the arrangement 
of the foetal membranes. 

The following table gives the data of collection and the stage of developmoTit 


Date. 


10-1.1948 

13-1-1948 

16-1-1948 

10- 2-1948 

11- 2-1948 


8-11-1948 

11-11-1948 

13-11-1948 

16-11-1948 

27- 11-1948 

28- 11-1948 


Number of 
females. 


Condition of uterus. 


Foetus in tho ripht horn of the uterus in one spooi- 
mon and in tho loft honi in the other. In both 
the cases embryo beyond the late limb-bud stage. 

Pregnancy iji right horn in all cases. Foetus beyond 
tho late limb-b\id stage. 

No pregnancy in one specimen. Pregnancy in the 
loft horn in the other. Foetus beyond the late 
limb-bud stage. 


Non-prognaiit. 

In all cases pregnancy in right horn, 
advanced stage of development. 


Foetuses in 


No specimens could be collected during tho months of March, April, 
May and Juno. Several female specimens wore <’Olloctod during 
July, but in a majority of these, young ones were attached to tho 
breasts and the mammary glands wore largo and in full lactation. 
Specimens collected during August and Sopteinlwr were non- 
pregnant. No specimen was collected in October. 

I 

Pregnancy in right horn. Medullary groove stage. 

Pregnancy in loft horn ; bilaminar blastocyst with 
primary amniotic cavity. 

Pregnancy in right horn in one specimen and in loft 
horn in the other. Stage slightly younger than 
tho previous stage. 


Pregnancy in left horn, prochordal plate stage. 

Pregnancy in left horn, embryo more advanced in 
development than the previous stage. 

Four pregnant, pregnancy in right horn in three cases 
and in left horn in one. Condition more advanced 
than in specimens collected on 11-11-1948. 


6-12-1948 


2 


Foetus in one in the prochordal state and in tho 
other in tho medullary groove stage. 


In addition to the specimens listed above in the table, I collected 6 specimens 
on 3-12-1947. All these showed more advanced stages of pregnancy than those 
collected on 28-11-1948. 

It is evident from the above data that specimens collected in November show 
early pregnancy. Probably, fertilization takes place late in October or early in 
•November. Advanced pregnancy is found in specimens collected in January. 
Parturition takes place late in February or in early March. The period of gestation 
about 116 to 126 days. 



50 


M, A. MOORE : ON THE DEVELOPMENT AND 


iSpecimeuB collected on 5.12-1948 are practically at the same stage of pregnancy 
as those collected on 8-11-1948 and 16-11-1948. It is evident that all females do 
not become pregnant during the same period. 

Early Stages of Development 
Blastocyst I (13-11-1948) : 

The bilaminar blastocyst from one of the two specimens collected on this date 
(PI, XII, Fig. 1) occupies 30 sections, each 10/x thick. The embryonic mass is nearly 
spherical in shape and contains within it a cavity filled with cell detritus. This is 
the primary amniotic cavity. The ctidodcrm is well differentiated and forms an 
inner lining to the bilaminar bUistocyst. TIkj endoderrn cells beneath the embryonic 
mass are spherical and only one-cell deep (PI. XII, Fig. 3), in the extra-embryonic 
region tlu^y are fusif(jrm in shape but also one-cel I deep. 

Surrounding tlio blastocyst is a thick shell which takes a deeper stain than the 
rest of tile uterus. The shidl is formed of syncytiotrophoblast (PI. XII, Fig. 2) 
recognized by the presence of scattered nuclei without cell outlines, and into which 
the basal layer of trophoblast has penetrated in the form of strands which occur in 
the form of villi. In the syncytiotrophoblast are spaces in which maternal blood 
corpuscles are present. I n some places these blood spaces are lined by hypertrophied 
maternal endothelium. 

Outside t he shell t here is a cavity betwetiu it and the muscular layer of the uterus 
on the antim(‘8ometrial and the lateral sides. This cavity contains the remnants of 
the uterine glands which have' disappeared or which have undergone hypertrophy. 
This cavity is nu^st probably not the uterine lumen though owing to the complete 
disappearance of the uterine glands and endometrium in some regions, a space devoid 
of any tissue is left which looks like the uterine lumen. On I he mesometrial side 
the endometrium containing hypertrophied uterine glands is present between the 
placental shell and the myometrium of the uterus. If the space outside the placen- 
tal shell on the antimesometrial side is not uterine lumen, it is evident that implanta- 
tion is suporficiai and not intermediate. 

An interesting feature of the blastocyst is the presence of a spongy tissue be- 
tween the trophoblast and the embryonic mass and between the trophoblast and the 
endoderm. It consists of squamous vacuolated cells with nuclei appearing as black 
dots (PI. XII, Figs. I and 3). These cells are connected with each other by proto- 
plasmic strands. The tissue may bo designated the endoderm- mesoderm tissue. 

Blastocyst II (27-11-1948) : 

The embryo is nearly at the same stage of development as in Blastocyst I. 
The following variations may be mentioned : 

(t) The spongy tissue is more abundant. Spaces or clefts are noticeable in 
this tissue. One such cleft is seen in the photomicrograph (PI. XII, Fig. 4). 

(ii) Outgrowths from the bavsal trophoblast have now penetrated deeper so 
that the shell is thicker. The maternal blood spaces are lined by trophoblast, 
though some are still lined by hypertrophied endothelium. The region of the 
uterine wall outside the shell is very much reduced. 

{Hi) The primary amniotic cavity is very much larger, but is still fiUed with 
cell detritus. 

(iv) The endoderm laj’^er below the embryonic mass is more than one-cell deep. 
Blastocyst III (1MM948) : 

This is an extremely interesting stage from the point of view of amniogenesis. 
The cavity in the embryonic mass seen in blastocysts I and II filled with cell detritus 
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is the primitive araniotic cavity formed by cavitation. There is now another 
cavity forme<l (PL XII, Fig. 5) above the primary amniotio cavity on the mesomotrial 
side occupying the space previously filled by the {^pongy tissue which, in this region, 
has either disappeared or moved laterally. The embryonic ectoderm in Blastocyst 
IT is thin and about 2-cell deei). But in this stage the ectoderm is very much thicker. 
Folds from the edges of the embryonic ectoderm appear and close o\or the primitive 
amniotic cavity forming thereby a new cavity. The two cavities arc not in communi- 
cation with each other, but are separated by the cell layer forming the roof of the 
primitive amniotic cavity. The new cavity recalls to mind the epamniotic cavity 
of certain rodents, but this term is inapplicable to this new cavity. It may be called 
the secondary amniotic cavity. The mode of origin of the new cavity, if it has been 
correctly interpreted me, denotes the formation of amniotic cavity by cavitation 
coupled with the formation of embryonic folds separating the primary amniotio 
cavity from a more mesometrially placed secondary (cavity. Blood corpuscles are 
not found in any of the two cavities. 

The yolk-sac wall is still bilaminar. The spongy tissue has now considerably 
extended laterally. The shell shows the same structure as iu the preceding stage. 

niastoc-i/stJV (18-11-1948) : 

The secondary amniotic cavity and the primitive amniotic cavity are conti- 
nuous (PL XII, Fig. 6) owing to the breakdown of the roof of the primitive amniotic 
cavity. The spongy tissue spreads laterally and forms a layer between the tropho- 
blast and the endoderm excepting in a small antimosometrially situated abembryo- 
nic soginent. The spongy tissue also lies between the trophoblast and the embryo- 
nic mass. But in addition to this tissue very distinct mesodermal colls are also seen. 
It is possible that the spongy tissue contributes to the formation of the mesoderm. 

Prochordal I^.ate {Stage 

1 have two gravid uteri (16-11-1948 and 6-12-1948) in which the embryonic 
ectoderm is in the form of a plate (PL XII, Fig. 7). The plate is made up of cells, 4-6 
deep. The plate shows the medullary plate thickening. The endoderm lies below 
it and between the two lies the mesoderm. The cells which are larger than the 
endodermal cells are irregular in shape and are joined to each other by cytoplasmic 
strands. The spongy tissue seems to have disappeared — only some remnants can 
be seen in addition to mesoderm cells in the wall of the yolk-sac. 

The placental shell shows a greater abundance of cytotrophoblastic villi. 
Endothelium of maternal capillaries has become completely lost from all regions of 
the placenta. Outside the placental zone in the shell there is a thin layer of maternal 
endometrium. On the antimesometrial and lateral sides the placental shell as a 
whole is separated from the uterine wall by a space which is here and there traversed 
by strands of endometrial tissue. 

Medullary Groove Stage 

This stage was obtained from specimens collected on 27-11-1948 and 5-12-1948. 
The embryonic region occupies about 160 sections each lO^i thick. It consists of 
an ectodermal plate with medullary groove (PL XIII, Fig. 8). The mesoderm is still 
a solid layer of cells, 5-6 deep, in the embryonic region and 2-3 deep along the trilami- 
nar wall of the yolk-sac. The mesoderm layer has reinforced the amnion also. 

In the placental shell the cytotrophoblastic cords are profusely branched. The 
•#est of the placenta consists of syncytiotrophoblast and maternal blood. 

The ru^ment of the notochord can be mode out. The spongy tissue has com- 
pletely disappeared. 
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The yolk-sao wall is completely trilaminar, mesoderm being present even in the 
small abembryonic person of the yolk-sac wall on the antimosometrial side. 

Late Limb-Bud Stage (3-12-1947) 

Between this stage and the preceding one there is a largo gap. As in Pieropm, 
the entire yolk-sac splanchnoplcurc is withdrawn and lies loosely coiled on the 
lateral side below the allantoic placenta (PI. XIII, Fig. 9). This is the stage which 
precedes the conversion of the yolk-sac into a gland. 

Th(^ placenta appears horse- shoe-shaped in a transverse section. It is thicker 
in the rniddh' and narrows at the two ends of the horse-shoe. The detailed struc- 
ture of the placenta, except for its overall size, is the same as in Pteropus. There 
is a network of cytotroj)hoblastic tubules containing maternal blood corpuscles ; 
and between the tubules lie the allantoic mesenchyme and foetal capillaries 
(PI, XIII, Fig. 10). 

Neak-Term Stage (13-1-1948) 

The important features of this stage are the conversion of the yolk-sac into a 
gland-like structure and the formation of the definitive placenta. 

In the preceding stage (PI. XIII, Fig. 9) the yolk-sac was loosely coiled. The lumen 
had not yet diHa])p(5ared. The walls now come near each other, the lumen is nearly 
obliterated and pc^rsists avS narrow spaces (PI. XIII, Fig. 11). The yolk-sac gland 
lies below the allant (uc placental disc. The structure of the yolk-sac gland is very 
similar to that of Pt^^ropn-s (Moghe, 1951 ; PI. V', Fig. 20) (PI. XIII, Fig. 12). 

"I'he ehorio-allantoie i)laeenta is now discoidal, the ends of the horse-shoe arc 
considerably shortened and the middle portion is thicker. The trophoblastic tubules 
are thiu and are more closely branched. The final placenta is, therefore, discoidal, 
labyrinthine and haemochorial (PI. XIII, Fig. 13). 

Discussion 

I shall confine my remarks only to those features in the development of Cynop- 
terns sphinx gnvgHicus which are peculiar to it or which differ from Pteropus and other 
Megachiroptera. 

(1) Implantation . — In the absence of very early stages of development, I am 
unable to describe accurately the condition of early implantation. But in Blastocyst 
1, which is the earliest stage I possess, tlie implantation appears to be superficial. 
This statement very largely depends on the interpretation of the space on the 
antimesometrial and lateral sides (PI. XII, Fig. 1). If the space represents the uterine 
lumen then the implantation is not superficial but interstitial. But if the space 
represents the degenerated endometrial region, then the implantation will have to be 
regarded as superficial. In my opinion the latter represents more correctly the 
nature of this space which is filled at several places by degenerating uterine glands. 

Keibel’s (1922) figures (Schema A and B, p. 530) show that the implantation in 
Cynopierus niarginatvs is circumferential and superficial. From some of his figures, 
however, I am inclined to conclude that the implantation is interstitial (Schema G 
and Fig. 8, pp. 539 and 542 respectively). Keibel calls the space on the antimeso- 
metrial and lateral sides as a split formed by the separation of a portion from the rest 
of the uterine wall. If this slit is not the uterine lumen then the iiJl^lantation is 
superficial. The stage represented by Blastocyst I corresponds probably to this 
stage described by Keibel, in which case the implantation in Cynopterus sphinx 
gangeticus is also superficial. I am inclined to agree with Keibel regarding tho^^ 
nature of the space between the placental shell and the uterine wall on the anti- 
mesometrial and lateral sides. 
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(2) Endod^rm-mesodertn tisane. — The occurrence of a spongy tissue (^bove the 
embryonic knob and in its immediate vicinity in the extra-embryonic region is An 
nteresting feature. This tissue is present in Blastocyst I (PI. XII, Fig. 1). It je^pirst- 
confined to the region above the embryonic knob and on both sides of thb erabryoaiic 
mob, and is appo.sed to the trophoblast. Later it becomes more abundant {PI. XII, 
Fig. 4) and spreads laterally along the yolk-sac wall between the endoderm and the 
rophoblast. It persists up to the formation of the mesoderm. The inter’pretation 
^f this tissue is difficult. It is not present in Pteropus or in Oynopterus margimitus 
or in the Microchiroptera. 

Kohlbrugge (1913) describes in Xanlharpya amplezicavdata the presence of a 
oell membrane between the embryonic knob and the trophoblast on the mcsometrial 
3 ide. He calls this the ‘ Dorsal Cap ’. It is present in very early blastocysts {vide 
CohJbruggo’s Figs. 26, 27, 28 and 29). Though ho does not state ijrecisely the source 
jf these cells, he suggests that they may be derived either from the embryonic knob 
or from the ‘Nabel Blase’. These cells, in his opinion, contribute finally to the 
ormation of the mesoblast. From a comparison of Kohlbrugge 's figures with 
’1. XII, Figs. 1, 3 and 4, I find that the cells of the ‘ donsal cap’ are the same as the 
oells which I have called ‘ Endoderm-mesoderm’ tissue. 

Such a tissue is present in the Rhesus monkey (Heus-ser and Streeter, 1941). 
They observe: ‘In the 9-day8 (C610) (PI. XII, Fig. 5) and slightly older stages the 
primai'y endodermal sheet is directly continuous with cells similar in appearance which 
oxtend beyond the inner cell-mass and underlie the trophoblast. As development 
progresses the lining cells spread even further from the embryonic moss until the stage 
II to 12 days, when the entire chorion is clothed by a thin layer of squamous cells. 
As to the origin of cells composing the layer, either they are the descendants of the 
irst endodermal cells and spread to line the chorion or they arise by delamination 
from the trophoblast. In the younger specimen . . . the trophoblast . . . gives no evi- 
dence of being the source of the cells in question’. 

The spongy tissue thus arises in the Rhesus monkey from the first endodermal 
cells or from the trophoblast (Heusser and Streeter, 1941) and in Xnntharpya am- 
plexicavdata from the embryonic knob (Kohlbrugge, 1913). I do not possess the 
requisite early stages which allow me to trace the origin of these cells. 

(3) Arnniogenesis.—lLhe formation of amnion is a very peculiar and interesting 
feature. The primary amniotic cavity is formed by cavitation (PI. XII, Figs. 3 and 4) 
as in other Megachiroptera. But, later, folds arise from the embryonic ectoderm and 
close over on the donsal side to form another cavity (PI. XII, Fig. 5) — the ‘ secondary 
amniotic cavity’. The two cavities are not in continuation with each other being 
separated by the roof of the primitive amniotic cavity. This, however, soon dis- 
appears and the two cavities become continuous with each other (1 1. XII, Fig. 6). 

The formation of the secondary amniotic cavity by the formation of folds^ is a 
"'eature unknown in Megachiroptera so far studied. Keibel, however, states ‘Das 
Ei von Cynopterus marginatus 1 1 zeight als Besonderheit zwei mit Detritus gefullte 
in Embryonalgebilde’ (p. 548). In the absence of any figures to illustrate this state- 
ment and in the absence of any explanation for the significance of these cavities 
filled with detritus I am unable to state precisely whether these are homologous to 
the primitive and secondary amniotic cavities as observed in Cynopterus sphinx 
jangeticus. But the following observation of Keibel is significant; ‘Die Frage, ob 
das Ektoderm fiber der “fosse araniotique” Zugrunde geht, ist von van derStncht 
'fir F. noctula verneint worden (Diskussion zu v. Beneden’s Vortrag, 1889). Fiir 
Miniopterus schreiberaii gibt Da Costa (1920) neuerdings an, dass die im Enabryo- 
laUcnoten entstehende primordiale Amnion- hohle ihre dorsale wand verliert und dass 
so “un espace” trophoectoblastique entsteht. Erst sekundar bilde sick debutant 
pw les replis ectoblastiques ein definitives Amnion und eine definitive Amnion-hohle. 
Bei einem der untersuchten Stadien von Cynopterus (Cyn. 9 xi) hatte ich auch den 
Sindruck, dass die ursprungliche Decke des Amnion, weningstens teilweise gesch- 
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wunden war, doch ist der Zustand des Prapartes so schlecht, dass ich keinen beso- 
dern wert auf as legea kann* (p. 552), 

It is thus attain that in Cynopierus marginains and C. sphinx gangeticm in 
addition to the primary amniotic cavity there is formed another cavity and these 
two cavities later become continuous giving rise to the definitive amniotic cavity. 

The methods of amnion formation in the Chiroptera have been described by Da 
Costa (I92d) and in all mammals by Parkes (1951). But the method of the forma- 
tion of amnion as is described above is a peculiar one. 

Mossman suggests ‘th(j t ype of amnion formaticui is correlated with the method 
of imjdantation . . . that in superficial implantation amniogencsis by folds is constant, 
but in the intcrstitially implanted type ... it tends to be by cavitation’ (quoted from 
Parkes, 1952, p. 100). Such a correlation seems to exist within the group Micro- 
ohiroptera. Amniogencsis is by lolding in Vespertilio murinns, Molossus rvfvs, 
N yctinom us cynocephala. In Vespertilio noctula and in the Phyllostomid bats the 
implantation is interstitial and the amniogencsis is by cavitation. Such a 
correlation would also seem to exist in Megachiroptera. In all the species of 
Megachiroptera the implantation is interstitial and the amniogencsis is by cavitation. 
In (J, sphinx gangeticus and probably in (J, rnarginatus implantation is superficial 
and the amniogenesis is by cavitation and later by folding. 

(4) Yolk-sac gland, — The early and subsequent disposition and behaviour of the 
3^()lk-sac in C. sphinx gangeticus resemble those of Pteropvs gignntevs giganteus 
(Mogho, 1951). During early stages the yolk-sac wall is non-vascular and later it 
becomes vaf^cular. After the formation and expansion of the exocoelom the vas- 
cular splanchuopleurc of the yolk-sac separates from the vitelline placental site and lies 
below the chorio-allantoic placenta as a collapsed bag (PI. XIII, Fig. 9) as in Pieropns 
giganteus giganteus. Its lumen is reduced and ultimately the two walls of the yolk- 
sac are in apposition and the lumen is completely obliterated except for the slit-like 
spaces. 1 1 is now in t he form of a gland which lies on the mesomotrial side as in other 
Megachiroptera (PI. XIII, Fig. J 1). The gland itself (PI. XIII, Fig. 12) resembles the 
yolk-sac gland of Pteropus giganteus giganteus (Moghe, 1951; PI. Fig. 26). In the 
paper on Pteropus giganteus giganteus (Moghe, J 951 ) I have already referred to the pre- 
vious literature on the subject, I also mentioned there that the conversion of the yolk- 
sac into a gland was a phtuiomenon not restricted to Megachiroptera and that similar 
changes take place in one of the Microchiroptera, viz. Taphozous longrmanus (Fam. 
Emballonuridac) investigated by my colleague Mr. A. Cloi^alakrishna (MS.). Since 
then it has also been found in another species of Microchiroptera, Rhinopoma 
kinneari (Srivastava, 1952). Further studies on the morphogenesis, cytochemistry 
and histochemistrj^ of the yoUc-sac gland are in progress. I may point out here that 
among the two Microchiroptera in which the yolk-sac becomes a gland, the placental 
disc is lateral in Taphozous lo7igimanus and is mesometrial in Rhinopoma kinneari. 
Mesomotrial placenta is unknown in any other Microchiroptera so far studied. 
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Summary 

1. The implantation is diffuse and appears to be superfioial. The placental shell shows 
trophoblastic strands and syncytiotrophoblast and the uterine glands in this region have dis- 
appeared and those of the deeper region are hypertrophied. Maternal blood spaces are lip^d 
either by ti'ophoblast or by hypertrophied endothelium in early stages of development. There 
is, in addition to trophoblast and endoderm, a spongy tissue both in embryonic and extra-^ 
embryonic regions. In the latter case it is between the trophoblast and the endoderm. 
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2. The spongy tissue becomes more abundant and spreads between the trophoblast and 
the endodcrm in the extra-embryonic region. Spaces or clofta appear in it. This tissue dis- 
appears when the mesoderm is formed. 

3. The primary amniotic cavity is formed by cavitation but there is another cavity formed 
on the dorsal aspect of this cavity. The two cavities are at first not contiguous, but later l>eoome 
80 by the breakdown of the roof of the primitive amniotic cavity. The new cavity may bo 
called the secondary amniotic cavity. 

4. The yolk-sac at first has the normal disposition and structure. But in later stages, 
as in Pieroptis, it becomes a shrivelled bag and lies first laterally and later mesometrially below 
the allantoic placental disc, and later is converted into a gland. 

5. The fully formed placenta is mesome trial, discoidal, labyrinthine and haomochoriol. 


References 

Da Costa, A. C. (1920). Sur la formation dol’amnios chez les Cheiropteres (Miniopterus achrei- 
bersii) et, en g6n(Val chez leg mammiferes. Mem, JSoc. Portug. Sci. nai, BioL, No, 3, 1-15, 

Gohro, R. (1892). Dottersack und Placenta von Pteropus edulis h. in Seleiika : Studien uher 
Enivnckelungugeschichte der Tiere, 1, 218. 

Gk)palakrishna, A, (unpublished). Observations on the breeding seasons ami on some stages 
of development and placentation in the Indian sheath -tailed bat, Tapltozoua longimantw 
(Hardwicke). 

Heusser, 0. H., and Streeter, G. L. (1941). Dovolopmoni of the Macaque embryo, Contrb, 
Embryol.y Carneg. Inst.^ 29, No. 181, 17. 

Iyer, P. R. (1949). Reproduction in Cyiiopterus sphinx sphinx (Vabl). Report of the Council 
for 1949, N.l.S.l. 

Koibel, F. (1922). Zur Entwicklmigsgoscbichto einer Grossflodermaus Cynopterus rnarginatua. 
Arch, rnikr, Anat., 96, 528. 

Kohlbruggo, J. F. H. (1913). Befruchtung imd Koimbiklung boi dor Fledermaus, Xanlharpya 
amplexicaudatns. Verh. K. Akad. Wet. Ainst. (2), 17, pt. 6, 1-37. 

Moghe, M. A, (1951 ), Developniont and jfiacontation of the Indian fruit bat, Pteropus gigantms 
gigavteus (Briiimich). Proc. Zool. l:ioc. (Lond.), 121, III, 703-721. 

Mossman, H. W. (1937). Comparative morphogenesis of foetal membranes and accessory 
uterino structures, ('ontrb. Embryol., Cameg. Inst., 26, No. 158, 129. 

Parkca, A. S. (1952). MarshalVs Physiology of Reproduction, Vol. IT, London, 3rd edition. 

Phillips, W. W. A. (1924). A guide to the mammals of (yoylon. Spolia Zeylonic<i, 13, 1-63. 

Selenka, E. (1892). Keimbildung des Kalong (Pteropus edulis) in Solonka : Studien uber Ent- 
wickelungsgeschichte der Tiers, 1, 207. 

Srivastava, S. S. (1952). Placentation in tlio mouse- tailed bat, Rhinoporna kinneari. Proc. 
Zool. Soc. Bengal, 15, No. 2, 105-131. 


Explanation of Plates XII and XIII 

(All figures are photomicrographs. The mesometrial side is towards the bottom of figure.) 

Fig. 1 Section of the uterus with Blastocyst I (13-11-1048). There is a space outside the 
placental shell on the antimesomotrial and lateral sides. X 27. 

,, 2 A small portion of the placental shell from Fig. 1 showing basal trophoblast, cytotro- 

phoblastic strands penetrating into syncytiotrophobleistio region, X 120. 

,, 3 A magnified view of the embryonic knot showing primitive amniotic cavity, embryonic 

ectoderm, endoderm and spongy tissue. Xl20. 

„ 4 Blastocyst II (27-11-1948) showing the abundant growth of spongy tissue. X 120. 

,, 6 Blastocyst III (11-11-1948) showing the primitive amniotic cavity and the secondary 

anmiotic cavity. 

„ 6 Blastocyst IV (18-11-1948) showing the primitive amniotic cavity and the secondary 

amniotic cavity which are contiguous. X J. 

„ 7 Prochordal stage (16-11-1948). x68. 

.. 8 Medullary groove stage (27-11-1948). The mesoderm has formed and lies between the 

trophoblast and the endodcrm in the extra-embryonic region and has reinforced the 
amnion also. x35. 

„ 9. The yolk-sac is a loosely coiled bag below the placenta on the mesometrial and lateral 

sides. X 30. 

„ 10. The structure of the placenta at the stage when the yolk-sac is gland-liko. X 48. 

„ 11. The lumen of the yolk-sac is obliterated and the structure resembles a gland . X 60. 

„ 12. The yolk-sac gland. X 265. 

13. Placenta at near-term stage. x56. 
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1. Introduction 

fmpurtance of the use of ehemicals affecting cell division is being more and more 
appreciated in recent years. The results of the investigation open up new possibi- 
lities towards solution of both academic and economic j)roblems. The pioneer 
efforts of Levan and his collaborators (Tjio and L(*van, 1948 ; Lcivan, 1949 ; Tjio and 
Levan, 1950) in this aspect of study provide cytologists with an extensive data on 
the reactivity of chromosomes to chemicals. This has been found to be a pre- 
requisite to chromosome studies undertaken whether for purely research purpose 
or with a view to improving our crop plants. 

A long series of chemicals, viz. phenols, alkaloids, etc., have been tested by 
them and their mutagenic property worked out. The cytological reactions noted 
after these treatments have been divided under reversible and irreversible ones. 
The term itself implies that the latter results in an immediate killing of the cells, 
whereas the former involves certain reactions conveniently grouped under narcotics. 
In this case the tissue naturally recovers after certain specific periods. It has been 
noted that, though certain chemicals are toxic even with the slightest dose apidied, 
most of the others can induce both reversible and irreversible ones under specific 
concentrations. 

A study of the lethal or the toxic effect naturally serves no other purpose except 
revealing the internal structure of the chromosomes, fully clarified. It results out 
of a dissolution of the matrical substance from the chromosome arms, an effect 
attributable possibly to the depolymerization of nucleic acid. The action no doubt, 
though harmful to the chromosome structure, is useful for a study of the ultimate 
structure of chromosomes. 

On the other hand, a study of the subnarcotic and narcotic effects yields interest- 
ing data, which are of immense use not only for a study of chemical make-up of the 
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ehroniOBomf^, but al^o roveal tho possibilities of their application in the improve- 
ment of plantvs. Tli ) lower and the upper threshold concentrations, necessary for 
the activities of these? drugs, have been thoroughly worked out. In addition to the 
production of colclucirie-iumours, other clfects manifested fall under the category 
of ])seudochia8rna, chroniosomo erosion, fragmentation, translocation, etc. Chromo- 
some (if’osion, a term ( oiried by Levan, implies the appearance of imiumerable beaded 
structures resembling secondary constrictions. By pseudochiasma is meant the 
adhereruf? of (•hroniatids at certain localized points due to difficulties in separation 
in anaphas(?, resembling a cliiasma. The importance of these effects brought out 
ill the ‘Allium test’ is far reaching, fa(?ilitating also an understanding of the problem 
of cliromoHome morphology. 

Anoth(?r aspect of study involves the use of ehemiccils for a clarification of 
karyotypes. The jiropcrtics of oxyquinoline brought out through the efforts of 
Tjio and Levan (lff50) in bringing out chromosome stru(*turo is a remarkable 
advance in this din^ction. Since then a number of chemicals had been tested and their 
prop(‘i ties work(?d out (Sharmaand Bal, 1953; Sharma and Bhattacharjeo, 1954; 
Sharma and Sarkar, 1955). A consistent fact lunerging out from such studies is the 
capability of most of the mutagenic chemicals in bringing out the details of 
(IironiosfJine morphology undcu- suitable concentrations. These concentrations 
generally lie near or below the lower threshold concentration required to effect 
abnormalities. Difficsilties encount(?red for a study of the chromosome complement 
of a variety of plants, espi^cially those with long chromosomes or high number, or 
both, ne(;essitate(l a s(?areh being made to (iiul out a suitable chemical for their study. 
Th(^- provSiait report deals with three such substances, viz. eoumarin, aesculin and 
aalicin, the former two (?sp{‘(Mally yielding (?xcollont results. It was desii*ed to work 
out their mutagenic property, if any, and also a study of their method of manifesta- 
tion. Of these tliree cluunieals tried, it would be noted that two of them, eoumarin 
and aalicin, have yielded considerable mutagtuiic jiroperty, and the otlu'r so far tried 
is d(woid of the same. Though investigations on the chemicals are at present 
quite rich in data, a large group of them still remains uninvestigated. 

2. Materials and Methods 

( hem i cals 

The thi •ee chemicals so far tried in the present investigation are eoumarin, 
aeseiilin and saliein, the f(u*m(U’ two being elosidy related. 

(humariv. — This chemical is more scientiHcally known as ‘ ortho- coumaric 
acid-lactone’ having the structure of an unsaturated lactone. It is a plant product, 
the sources biung Acacias and Umbellifers, and very well known to physiologists 
for its remark aide growth-retarding activities. 

AesevVm. — Aesculin is very closely allied to eoumarin and, as a matter of fact, 
is a derivative of the latter and is chemically known as ‘6-glucoxy-7-hydroxy 
eoumarin’. It is also like eoumarin a growth- retarding substance, obtained as a 
plant product from the horse-chestnut (Aesculus hippocastanmn). 

Saliein. — It is a glucoside of salicylic alcohol, obtained mainly from the weeping- 
willows (Salix). 

Materials investigated 

A large number of plants, on which the study of the chemicals were made, 
include both monocotyledons and dicotyledons. Among the monocotyledons, 
different species of Crlnum, Pancratimn, Allium ^ Hyyne'nocallis, Ilaemanthus, 
Zephyranthes, and of the dicotyledons, Pisum, Latfiyms, Vida, etc. , were tried. 

The plants were planted in pots in case of bulbous ones, whereas in case of speciUo 
oiPisum, Lathy rus, etc., seeds were germinated in Petri dishes over sawdust. Root- 
tips were periodically collected for study. 
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Different types of treatment followed 

Treatments of the materials with the chemicals were made with a view to make 
temporary as well as permanent preparations. Possibilities were investigated of 
making parajfin blocks for permanent preparations and methods of squashing root- 
tips with uniform pressure for both permanent and teju|)orary preparations. 
After a series of trials the latter method was found to yield prepitrations much better 
in quality, as regards scattering and clarity of morphology of the ohromosomos. 
Two methods were worked out for preparing permanent mounts from smeared 
preparations, which were as follows : — 

(a) staining smeared tissue with Feulgen solution, 

(ft) staining the tissue in aceto- orcein- HCl mixture followed by smearing 
in orcein solution. 

Treatments in all cases were made on plants with high and low number of chromo- 
somes. As regards time and temperature required to bring out best results, 
treatments of different plants revealed diderent (cardinal points. Concentration of 
tlie chemical also proved to be an important factor. Another aspect of study in- 
volved effects of mixtures of chemicals in different proportions. 

In the study of fragmentation inducing property, recovery experiments were 
set up. These consist of treatments of root-tips intact in the plant for a desired 
period at a desired temperature and then allowing them to grow under normal condi- 
tions, The nuclear changes due to the chemical could be observed every day after 
acetic alcohol (I : 1) fixation, followed by Feulgen squashes of the root- tips. 

Procedure 

The first step involved the preparation of an aqueous solution of the chemical. 
Most of them were found to be sparingly soluble in water. In practice, a saturated 
stock solution was prepared from whiclx suitable concentrations could bo obtained 
by dilution. 

The root-tips were treated in the chemical and kept within a refrigerator or at 
room temperature, as the case might be, for a definite period. These were subse- 
quently stained and hydrolysed in a mixture of 2% aceto-orcein andN.HCl (9:1) 
and held over a flame for a few seconds. Squashes were made in 1% acoto- orcein 
solution applying considerable uniform pressure over the coverslip to obtain a single 
layered smear, with well scattered metaphase plates. The method, however, neces- 
sitated the final blotting of the excess stain with the help of a filter paper. The 
materials, presenting difficulties in smearing, could bo squashed by repeated heating 
and pressing. The slides were then sealed and could be kept for fifteen days 
or more. This preparation is obviously a temporary one and cannot be kept for a 
long time. The keeping quality of the slides depends upon the atmospheric condi- 
tions and the materials used. Storage in a moist chamber, however, makes them 
more resistant and even after a month or more they remain quite fresh. This type 
of temporary preparation could be made permanent by inverting the slides over 10% 
acetic acid or acetic : alcohol (1 : 1), and then running through acetic : alcohol : xylol 
grades, finally mounting in Canada balsam. 

In the case of dicotyledonous materials, orcein failed to show any appreciable 
result in staining. Feulgen squashes were applied, instead of aceto-orcein, in such 
cases. Feulgen squashes involved hydrolysis of the root-tips in N.HCl at 60® for 
fifteen minutes and subsequent staining in the Feulgen ’s solution followed by 
squashing in 45% acetic acid. For permanent mounts, hydrolysed root-tips were 
smeared on a dry slide and inverted overnight in 70% alcohol. The slide after 
washing and subsequent staining was run through alcohol : xylol grades and finally 
mounted in Canada balsam. 

For paraffin blocks, root- tips were fixed in a mixture of chromic acid 1%, formalin 
10% and the chemical concerned in proportions of 1 : 1 : 1, 1 : 2 : 1, 1 : 3 : 1 respectively, 
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treatol in suitable? ternpf^raturns for a definite period and embedded in paraffin follow- 
ing usual procedures. thick sections were stained following Newton’s crystal- 

violet- iodirui technique, and an overnight mordanting in 1% chromic acid in case of 
materials fixed in higher dose of formalin became essential. 

PhotomicTographs were taken of suitable preparations from temporary mounts 
generally at a usual magnification of X db^^OO tapproxiiiiately, using U.C.E. compen- 
sating ey(?[)iece of X 2() or in rare cases X It) and 1*3 apochromatic objective with an 
aplanatic condenser of 14 N.A. 


3, Observations 
(/) 'rrmitnejit in counidvln solution 

(^oiimarin being slightly soluble in water, a saturated solution was obtained in dis- 
solving f) 2 gni. of the chemical in lOU c.c. of water. Koot-tips were treated in this 
saturatcsl solution for diffiu ent periods, of which two and a half hours’ treatment gave 
the optimum n^sult, s(3attering and dilferentiation of the chromosome morphology 
being perfect. Treatment of root-tips in cold at yielded slightly better 

results. Although coumarin treatment resulted to some extent in contraction of 
the chromosome arms, the scattering and chromosome morphology was very marked, 
liringing high number of chromosomes, such as 2n = 88, 92 or more even in the same 
plane of focus. The gaj) or secondary constrictions were rendered very conspicuous 
and sometimes the arms beyond the gaps moved a long distance, and were likely 
to be mistaken for fragments. But more critical observation revealed their rela- 
tionshi[) and sometimi'.s tlio thn^ad of the chromonema became conspicuous, bridging 
the two arms (Text-figures and PI. XfV, Figs. 1-6 and 11-14). 



TEXT-FiaUBBS. 

Figs. 1 to 7, Effects of coumarin. 

Fig. 1. HymenocalUs daphne (2n ^ 70), well clarified metaphaso plate. 

Figs. 2 to 5. Fragmentation in Lathyrus salivas with varying number of fragments given in 
outlino. ® 

Figs. G and 7, Fragmentation in Pisum sativum, 900 app. 
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Lower concentrations, such as 0*001%, 0*05%, 0 01%, 01%, etc., wore tried 
specially on Crinum chromosomes. Three hours* treatment also produced good eflect 
and a lessening of the effect was noted with decrease in concentration. 

In case of Pancratium and Crinum (PI. XIV. Figs. 1-3 ; 7-10 and PI. XV, Fig. 
22) it was observed that one hour treatment can bring out the effect, optimum at 
two and a half hours in 0*2% concentration. In ti’catmonts for longer periods, such 
as four to live hours, the chromosomes were noted to appear as pyenotic bodies 
scattered all over the cell. Sometimes granular appearance of the chromosomes 
was met with after such prolonged treatments. 

By application of this chemical to root-tips of dicotyledonous plants, such as 
Vida, Pis ion and Lathyr us, well scattered plates were obtained no doubt, l>ut most 
of them contained fragments, which have been dealt with lu^re under a separate 
heading, namely ‘Fragmentation inducing property’ (Pigs. 2-0; PI. XV, Figs. 26-27). 

In some materials, however, coumarin prodmu'd stickiness in the chromosomes, 
which was overcome by using a mixture of coumarin 0-2% and 0-002% S-oxyquinoliiie 
(1:1) and treating the root-tips tor two and a half hours in cold, which yielded quite 
satisfactory results in Uaemnnihus sp. (PI. XV, Pigs. 16-18). 

Parafiin blocks were prepared after lixing t ic)ot-ti[)s in I : 1 : 1, 1 : 2 : 1, 

1:3:1, chi'omic acid 1% : formalin 10% : coumaiin 0*2% mixture and keeping in 
cold for one hour. But the slides were in no casti bc'iter than scpiashes. Tlio last 
mentioned proportion proved to be slightly supeiior to the other two. 

(n‘) Treatment in aescvlm solution (PI. XV, Figs. 20-22). 

Aesculin is also very slightly soluble in water. Water saturates at 0*04% of the 
chemical. The aqueous solution emits a bluish tinge. Treatments were performed 
in saturated as well as in dilute solutions. The time factor in case of aesculin was 
very remarkable. 0 0026% solution gave very satisfactory results in (yrinum after 
treatment for three to five minutes only in 10'^-15‘’C. Saturated solution of aesculin 
was found to be the standard solution for application in different materials. In all 
cases controls in room temperature showed stickim^ss. The extremely short period 
of treatment, needed to bring out best result in case of (h'inuni, is not applicable to 
other materials. In general, the optimum effect in aesculin solution was obtained in 
thirty minutes’ treatment. As in coumarin, here also tlie scattering was perfect 
and the constriction regions were very exaggerated duo to differential contraction 
of the arms. A distinct advantage of aesculin method over coumarin technique is 
that in the former very little contraction is noted in comparison with that in the 
latter. As in coumarin, here also prolonged treatments render chromosomes practi- 
cally spherical due to heavy contraction. 

This chemical, showing such remarkable property of revealing karyotype in 
monocotyledons, proved to be of no use in dicotyledonous plants so far tried. 
Pisvm root-tips were treated for five minutes, thirty minutes, one hour, two hours, 
two and a half hours, four hours in cold, but no considerable effect was noted. Differ- 
ent concentrations ranging from 0-0026% to 0*04% were tried also, but without any 
appreciable result. Aesculin was also applied in mixtures with 0*002% 8-oxyquino- 
line (1:1, 1 : 2, 1 : 3) and treated in cold for two and a half hours. Of these, a 
mixture of 0*04% aesculin and 0*002% oxyquinoline in the proportion of 1 : 3 yielded 
satisfactory results. Controls kept in pure oxyquinoline for the same period pro- 
duced preparations of much inferior quality. 

Aesculin, apart from all these, showed another interesting phenomenon in 
Pancraiium and Haemanthus root- tips, which has been termed as ‘Erosion’ by Levan. 
The chromosomes show beaded appearance forming innumerable constrictions (PI. 
XV, Fig. 22). 

(in) Treatment in aalicin solution (PI. XV, Figs. 23-25). 

Salicin being readily soluble in water, no diflSculty was obtained in preparing a 
2% solution. 
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Kootrtipn wore treated in 1 % solution of salicin for three hours in cold 
ciud at ordinary terripcTatiire. In both the cases stickiness was obtained, 1*5% 
and 2% Bolution produced heavy fragnientation in cold. 

2% salicin in 30% alcohol was applied to check its property of inducing frag- 
nuaitation. But in this case any effect of the chemical could not be noted on th(‘ 
chiorjuisomcs. 2% solution in 5% alcohol showed stickiness. 1'0% salicin mixed 
with 1 07 o alcohol ( I : 1 ) proved to be a failure in bringing out any scattering or good 
(effect. Ibist nfsult was obtained by using a mixture of i r>% salicin and acetic : 
alcohol ( I : 1) in ecjual proportions in cold (IO'’-15'^C.). But morphology of the chro- 
ujosonus was not so sharp as in coumarin or aesculin treated ones. Materials 
f.r('aicd were species of ('rinum and Hyrnenocallis. 

(Iv) Frayrnf utatiou induchi(f property 

Of the chemi(‘als tried, two, namely salhun and (ioiimarin, showed mutagenic 
pi'ojKU’ty, while aesculin did not show any such effect. It is remarkable to note that 
in cas(; orcroumarin, fragmentation w^as only noted in dicotyledonous materials. Th(‘ 
muta.g(mic prop(.‘rty of (^oumarin has been previously mentioned by D’Amato (1950). 

l)i<!otyledonous materials tried w^ere Visum, Lathyrvs, and Vida. Vida, 
however, was found to ]:)roduce fragments spontaneously (Kihlman and Levan 1951 ; 
Sharrna aiul Bhattac-harjee, 1954), 8o the study was centred around Visum and 
Lathyrus. 

lloot-tips were treated in 0 2^0 coumarin solution for three to three and a half 
hours at 15'^C. In every case, controls were kept in acetic: alcohol (1:1) 
lixation. The treated root-tips showed metaphase and prometapliase plates with 
one, two, tlir(‘e fragments (Figs. 2, 3, 4, 5, 0, and 7), the latter phase showing 
more plates with fragments. Controls k(‘pt at ordinary tcmiperatuni also produced 
fragmentation. 

Monoeots, such as Vrinurn and AUiuni, were treated in coumarin solution for evcsi 
six hours with no fragmentation effect. But the chromosomes gradually contracted 
to produce pycnotic bodies, and finally become grajuilar by separation of those bodies 
into smaller units, 

1 n order to trace the fate of the fragments, recovery expcuaiiients were set up. 
The root-tips of Visum were treated in the solution keeping them intact wdtli thi^ 
seedlings for three hours in cold and then after washing in water, they w^ere allowed 
to grow in Petri dishes, over moist sawdust. It wa.s observed that on the subse(iuent 
day following treatment only 25% of the seedlings were healthy. On the second 
day 37% lecovered to healthy condition. Root- tips of those healthy seedlings 
were fixed in acetic: alcohol (1:1) and the fragment frequency w'as found to be very 
low (vide Tables) as compared with the immediately treated one. This shows 
possibly that fragments do not persist for several coll generations. 

The chemical salicin was found to produce fragmentation in Crlnum at a con- 
centration of 1*5% and 0*2%, but a large amount of data in this direction has not 
yet been taken. 


4. Discussion 

The disturbances in the cell activity up till now noted following chemical treat- 
ments have mainly been attributed to the direct change in the physical property of 
the cytoplasm. The change no doubt in turn affects other cell constituents and the 
disturbances in this activity of the chi’omosomes are thus to be considered as end 
result of the process. The nucleic acid cycle too is seriously hampered and the 
sticky appearance of chromosomes is claim^ to be due to partial depolymerization 
of nucleic acid. It needs no comment that the obstruction in chromosome division 
and their normal activity can be caused by disturbance in the nucleic acid 



Sjiakma Bal. 


IVoc*. Nat. Inst. Sri. liulia, \\)1. 22, B, iMato XIV. 







CERTAIN CHEMICALS ON THE NUCLEUS 


63 


metabolism. So far as oxyquiuoline is concerned, which is mainly used for the study 
of karyotype, complete solidification of plasma is claimed by Stalfelt {vide Tjio and 
Levan, 1950. pp. 62-64) as the result of the effect. 

The reactivity of the chromosomes towards the chemicals tried liere reveals 
fiirtluT certain interesting facts. The chemicals, though possessing the common 
property of affecting chromosome structure, difler in their way of attack as well as 
in degree. 

It has been ompiuisized in the text that coumarin and aesculin have yielded 
best results in bringing out chromosome structure, salicin being the least effective 
one. A differential response of the chromosomes to coumarin and acsoulin has 
further been recorded. 

As far as coumarin is concerned, it has been noted that satisfactory results 
are obtained by using the saturated concentration of the same. In revealing chro- 
mosome structure in well scattered plates, with morphology fully clarified it possibly 
finds parallel in oxyquinolinc. Here the effects seem to be brought about through 
viscosity changes in the plasma. Little difficulty is encountered in this treatment 
ill comparison with that of oxy quinoline, as strict tem])erature control in cold is not 
found to be necessary in the former. In that way coumarin is to bo considered as a 
much more effective chemical than oxyquinolino, so far as its effect on cell structure 
is concerned. Precisely, oxyquinoliiie is ineffective in bringing about solidification 
without the assistance of cold tempei'ature, whereas the other chemical is endowed 
with the property of carrying out the process itself. 

It is to be admitted, however, that low temperature no doubt accelerates the 
process even in treatments with coumarin. 

The time factor in bringing about the process is remarkable and quite significant 
from the point of view of suitability of technique concerned. A prolonged treatment 
for two and a half hours to three hours has been found to bo essential for oxyquino- 
line, whereas treatments for a lesser period are also effective in the other process. 
In addition to their importance in the study of karyotypes other effects have also 
been recorded. A discussion of th(\so seem to bo necessary for those interested in 
cell metabolism in general and chromosome structure in particular. 

The effect needed to bring out chromosome structure in detail also involves 
differential contraction of chromosome arms, thus helping in an exaggerated mani- 
festation of the constriction region. It is noteworthy that in cases where stickiness 
of chromosomes results in coumarin treatment possibly causing slight depolymeri- 
zation of nucleic acid in certain cases, it has been observed that th(^ difficulty can be 
overcome if a solution of coumarin and oxyquiuoline be used in equal proportion, 
rt seems that dcsoxy-ribosc nucleic acid of chromosomes of such plants is liable to be 
depolymerized even after treatment with coumarin (this property of the chemical 
being not manifested in any other plant), and the effect is counteracted by the prop- 
erties of oxyquinoliiie (PI. XV, Pigs. 16-19). 

So far as the mutagenic property of coumarin is concerned, manifested in bringing 
about fragmentation, significant results have been obtained in different groups of 
plant. The saturated sc^lution of coumarin used in the present investigation has 
been found to show no mutagenic effect on monocotyledonous plants, so far tried. 
The trials, however, included most species with long chromosome types, but a 
few with shorter ones have also been worked out. It is remarkable that the reacti- 
vity of monocotyledonous chromosomes to this chemical finds no parallel in the 
dicotyledonous ones. A prolonged coumarin treatment (3-3 J hours) in saturated 
solution effects fragmentation in dicotyledons, specially in the leguminous ones, 
tried during the present investigation. The differential behaviour of the chromatin 
matter towards coumarin in the two major groups of plant is significant and may in 
’turn be a reflection of their differential composition, at least in the proportion of 
the constituents present. This difference might involve the cytoplasm or the 
chromatin matter itself or both. A detailed investigation is highly desired to find 



fJ4 


AHl N KT^MAH .SHARMA & ARYA KUMAR BAL! EFFEfrT OF 


oufr whether any specific regions of chromosomes are involved in this fragmentation. 
Though the f)bh('rvaiions so far made reveal the presence of fragments mainly in the 
prornctaphase and j)ro{)hase chromosomes, still in absence of much more confirmatory 
evidence under rigidly controlh^d conditions, it would be premature to infer as to its 
origin. 

Th(‘ fate of t he fragments have also been studied following recovery experiments. 
Hf>otdips aft.iT freatrruait were allowed to grow and observations, carried out at 
intervals, r(‘V( al the decrease in the number of fragments in dividing cells. This no 
donht indicates tliat such dist iirbed C(dls possibly fail to survive in competition with 
normal ones. 

Prolonged treatnu^nts for more than three and a half hours in coumarin solution 
ill monocotyledons result in extreme contraction of the chromosome arms 
r(‘s(‘mbling droplets emhedded in plasmatic mass. The number of droplets also 
increas(i with increase in tim(i of treat memt, possibly due to transformation of the 
mass into smallc'r bodices (PI. XIV, Fig. 15). 

As regards the eff<*ct of aesculin, though excellent ciTects have been obtained, it 
must Ik‘ admitted that the results so far noted are, unfortunately to some extent, 
erratic. The chemical, if suitably a})p]ied in propcjr coiuMmtration, strict timing and 
tesnporature control, is much mor(‘ elfective than coumarin, in the sense that the 
olle.ct can be brought about in far h\ss time. It is apparent from the test that some 
matiafials evi'.n provide? brilliant [)lates with treatments extending only for three 
nnnutes in cold witli a concent ratioti of 0 tMt2fi% of the chemical coiiceriud. But 
majority of the materials yu^ld best re^sidt, or more pre(*isely, the optimal eflect in 
.saturated (‘oncentrat ion with thirty minutes* treatment. But (jonsistent results 
have? not been obtained in any of th(‘ material, so far as concentration and the time 
are? concerned. It is (luite likely that th(‘ physiol ogie^al condition of the root-tips 
at the time of trcvitment is one of th(‘ limiting factors in the t(?chiiique. A standardi- 
zation of the method would naturally involve dific'nait prescriptions for root-tips 
collected from difTerent- soil conditions. In order to aehicive this result, a series of 
trials following different concentrations and time on difteront plants, including 
plants from different ecological conditions, is essential. 

A ditferent way of reactivity of dicotyledonous chromosomes as observed in 
treatment with coumarin has also been found to some extent in aesculin too. Strictly 
speaking, aesculin itself is absolutely inetfective in revealing the karyotype in dico- 
tyledons. The purpose can bo serv(;(l if it is applied in th(? form of a mixture of aescu- 
lin and oxyquinoline (1 : 5). That the elfeet is not duo to oxyquinolinc alone has 
also been chocked from control experiments with oxyquinoline, whereby satisfac- 
tory result has not been noted. This ditferent behaviour towards aesculin of the 
dicotyledonous chromosomes so far tried, thus serves an additional evidence of the 
possible subtle chemical ditferenee in the composition of chromosomes of diverse 
groups of plants. 

A constancy in the effect has been noted in all plants in continued treatment. 
Prolonged keeping in the fluid residts in a granulation of the chromosome matter 
as observed in coumarin treated ones. 

Of all the chemicals tried, salicin has been found to bo the least effective in 
bringing out details of chromosome complement. Experience with other mutagenic 
chemicals reveals that the concentration and time needed for karyotype manifes- 
tation lies below the one required for mutagenic effect. Tlie inability of salicin to 
be used as a fixative lies in the too vigorous response of the chromosome structure 
tow^ards this chemical. It is unfortunate that an in-between gradient of the solution 
could not be found out between an ineffeetivo concentration and one bringing about 
fragmentation. This might be due to some limitations of the technique whereby 
this suitable concentration could not be detected or the result might indicate a 
different mode of action of salicin towards chromosome structure, absolutely differ- 
ent in its fundamentals from those of aesculin and coumarin. 
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5. Tables 

Tables showing the ocourrence of fragments in Pi^um root-tips just after 

roiimarin treatment. 

Root -tip No, /. 


Number 
of fields 
studied 

Number of 
dividing 
colls per 
field 

Number of 
colls with 
fragments 
per field 

Niimhtn- of 
fraginoixts 

Stage of the dividing 
coll with fragment 

1 

3 

1 

I 

Late prophase 

2 

1 




3 

2 




4 

3 

2 

3, 2 

Lat<5 prophaso, motaphase 

5 

0 

1 

5 

2, 3, 1 . 2, 3 

Prometaphase 3, meta- 
jfiiase 2 

6 

; 3 

' 2 

1 

Promo taphaso, prophaso 

7 

U 

1 

1 1 

1 

1 

! ^ 

' Prophaso 

O 

9 

1 

: 5 

i 

{ ' 

Prophaso 

10 

2 




11 

, 4 



1 ’ * 

12 

4 

* i 


! Metaphasi' 

13 

1 


i 

1 

14 

3 

1 1 

; 1 

I Motaphase 

15 

1 

! i 

i 

1 

L. 

j Prophaso 


The frequency of dividing colls with fragments 37*5%. 


Root-tip No. 2. 


Number 
of fields 
studied 

Number of 
dividing 
cells per 
field 

Number of 
cells with 
fragments 
per field 

Number of 
fragments 

1 

6 

1 

2 

2 

4 



3 

3 

[2 

1, 1 

4 

2 

1 

1 

6 

2 



6 

1 2 

* !‘i 

2 

7 

i 5 

1 2 

1. 2 

8 

i 1 

i 1 

1 

9 

1 1 



10 

1 



11 

2 


i 

12 

1 

1 

1 

13 

2 



14 

1 

i . . 


15 

i " i 




Stage of dividing 
cell with fragment 


Prophnse 

Late prophase 
Prophase 

Metaphase 

I Prometaphase, prophaso 
i Motaphase 


Prophase 


The frequency of dividing cells with fragments — 26-6%. 
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Tab!<j« nhowing the occurrence of fragmonUs in Fiaurn root-tips after one day 
n cijA ery, litihHcr^uent to hoiirft* coumariu treatment. 

Hooi-tip No. /. 


Nuinhtjr 
of fielda 
rttudied 


3 

4 

♦i 

7 

5 
t) 

10 
1 1 
IJ 

13 

14 
i:i 
10 

17 

18 
11) 
20 
21 
22 
23 


Xum})er of 
dividing 
colls per 
field 


Nurnhiu' of 
<^ellH with 
fragment H 
per field 


N' urn her of 
fragments 


Stage of dividing 
coll with fragment 


'Ple^ rrc(|ucncy of'di\'iding colls with fragments 



Foot tip No. 2. 


Nuinlx'r 
of tlekls 
st udied 

Nundx-r of 

Nnrnlx'rof ' ’ 

divi<ling 

c^ells with 

N’umhor of 

Stage of dividing 

c(dls per 

fragmi'.ntH 

fra gm» aits 

coll with fragment 

field 

per field 


1 

3 < . . ; . . 1 

«) 

a 1 ' . . 

3 

o' ' 1 

4 

‘ ! !' . . i 

o : , ' 

0 

1 ' . . i 


7 

4 i 

• • 

S 

1 j . . 1 


9 

2 ‘ . . : 


10 

i 1 . . j 


11 

4 ! . . ; . . i 


12 

fi 1 . . 1 . . ! 


13 i 

1 ; 

. 


14 i 

4 

i 

ir> 

4 


If) 

3 


• • 


17 

1 


.. 


18 

2 




19 

2 




20 I 

1 




21 1 

1 




22 

1 



23 i 

2 



24 1 

3 i 



25 1 

1 

1 ! 




The frequency of dividing cells with fragments — 0%. 
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Root tip No. S. 


Number 
of fields 
studied 

Number of 
dividing 
cells per 
field 

Number of j 

cells with [ Nund>er of Sbvto of dividiiJg 

fragments J fragments cell with fragment 

per field j 

1 

1 

2 

<•> 

3 

1 

\ 

1 1 Met aphasia 

4 

ry 


5 

4 


(> 

5 


7 

5 


s 

1 


10 

I 

5 

; ; i ; ; ; 

11 

1 3 

1 

12 

1 3 


13 

i ^ 


14 

15 

i 2 

3 

j . . ^ 

i ;; i ;; ;; 

10 

17 

I 2 

1 

1 , 
j 

1 

IS 

3 

I 

1 

19 

3 

1 

20 

21 
.) 0 

4 

3 

.) 

1 

23 

24 

3 

1 

. . 

j . . 

i 

25 

3 



Tho froiiuency of dividinf' cells with fragments - J "^%- 


6. Abstract 

'Tlif' present leport deals with tlie possibility of lh(^ \iso of tlireo chemicals, namely ooixmarLri, 
ao.seiilin iind saJiciu, Lri chromosome analysis. On dicotyledonous and monoc.otylodonous plants 
with cournariji and aesenlin succossful results have boon obtained. In ease of aosculin, method 
has not yet been standardized, tho troatmont, ptsriod varying from 3-30 minutos, but in coumariii 
hours’ treatment hi saturated solution in cold gives very good results. In certain cases 
inixiuro of cither of them with oxy({uinolino yields nice reproducible results. 

Tho general schedule involves hydrolysis in acoto-orcein/HCl mixture for five to six seconds 
following the treatmont, and followed by smearing in 1% aceto-orcein, applying uniform 
pressure over tho material. Their possibilities in tho preparation of paraffin block have also 
been worked out. 

Their chromosome affecting property has boon explored and certain concentrations of 
coumarin and salicin following three hours’ treatment have been shown to possess the property 
of causing fragmentation. Drastic effects following prolonged treatment has also been 
recorded. The dicotyledonous and monocotyledonous plants were found to behave differently 
and their significance discussed. Recovery experiments have also been performed to indicate 
the gradual decrease in tho frequency of fragments. The mode of action of these chemicals htis 
also been suggested. 
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8. Explanation of Plates XIV' and X\' 

Microj)hotoK — Kff(;ct of (tourriariii. 

Kios. 1 to 3. (Jrinufn sp., well claritied somatic motaphaso with varying number of chromo- 
somes . 

,, 4 and 5. FJ i/meuocalliH daphne, showing 70 well clarified chromosomes and 2 nuclei with 

unequal chi omosiiHK^ numbtM*H respectively. 

Eld. (j. If. harrisiantf {2n 92), showing well clarified m«*taplwi.s(^ plate. 

hTfei-t of coumarin. 

Kujs. 7 to It). Paneratiatu sp., sliowing prophase contraction, clarified motaphaso plate, 
difdochromesoines nnd nnaphase stage with wcdl scatt<^red iiigh number of chromosomes. 
,, 1! tr) 13. liaemanthns kathretjeri, varying chromosome ruunbors in well clarified rneta- 

phaso plates. 

,, 14 and 15. AUiutn repa, showing clear metajdiase ehromosoincs, diplochromosomes and 

condensation following [irolonged I refitment respect iv(dy. 

Figs. It) to 19. KfTeet of coiirnarin-oxyquinoline mixture. 

,, If) to 18. Ilaeniantftus kalhreip rl, varying clirumosoinc* numbers in well clarified plates. 
KlO. 19. H tpneriocaUi.s .sv}a>(jan\hira, 48 well scattered rnetJipfiasiA chromosomes. 

Fms. 20 to 22. Ejfeti of av-scidin, w<Jl clarifitsl metuphase stagivs of Crinunx sp., Pancratium 
sp. and erosion in P. zeijlanicam respectively. 

,, 23 to 25. lOffi'cl ofsalicin ami acetic /dcohol mixture, showing scattered eliromosoines 

in fairly meta[)hase of ffi/tncnorallts daphne and motaphaso and anapliaso stages of 
(^rlriurn sp. n spf'ct ively. 

,, 20 to 29. FIjfect of coumarin. 

20 and 27. Fragnumtation in Pimm sativum. 

,, 28 and 29. Fragmentation in Lathprus mtious. 


Ismed December 21, l9o6. 
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iNTRODFOTrON 

Investigations OJi the gametogenesis and oospore formation in species of Albugo 
by different investigators for the last fifty years have revealed a remarkable and 
interesting diversity of nuclear cycle occurring during the sexual process. No 
other member of Peronosporales has afforded such an interesting eytological picture. 
Even as far back as 1896 and later 1899, VV^ager and Stevens had shown the 
occurrence of simple and compound oosijhcres in species of Albugo including the 
critical details. In recent studies eytological details like stage of zonation, coeno- 
centrum, receptive papilla, etc., have been given taxonomic importance and are 
used in the differentiation of species. 

Cytological investigations on species of Albugo occurring on Convolvulaceae in 
India have been carried out by Damle (1943), Thirumalachar et aL (1949), Safeeulla 
(1952) and Safeeulla and Thirumalachar (1951). Studies on Albugo evolvuli var. 
merremiae Safee. and Thirumal. have shown characteristic cytological differences 
in the gametogenesis and oospore formation in addition to variations in spore 
measurements. Another species parasitizing the shoots o\' I pomoea hederacea Jacq., 
inciting large gall formations, was previously referred to Albugo evolvuli var. myso- 
rensis Safee. by Safeeulla (1952). A reinvestigation of the morphology and 
cytology of the spore forms revealed that the fungus should be given a separate 
specific rank. The name Albugo mysorensls Safee. and Thirumal. nom. nov. is 
proposed for its accommodation and the description of the fungus will be given 
later in this paper. 

Symptoms of the disease 

The fungus is widely distributed in North and South India. On the leaves, 
p^icels and calyx lobes of the flowers, the fungus produces numerous white sori 
as in other species of Albugo, which on rupture erupt large masses of spores. The 
infected leaves and flowers show hypertrophy, and the diseased portions may turn 
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yeUowish in colour. Detailed examination has revealed that no sex organs are 
developed in the inleetcd leaves and flowers. 

I'he oogonia, antheridia and oospores are produced on tlie laige spherical to 
cerehrif(jrni galls (Fig. 1 ) in the leaf axils, stems and petioles up to 2 cm. in diameter. 
Because; they arc not acconij)anied by sporangia, they have been overlooked by 
earlier worJous or taken for structures unconnected with the Alhngo species. The 
galls apj)(;ar as small protulHirances at first and graduall}^ enlarge developing nodular 
surface;. Alaturo galls are yellowish, measuring up to li cm. in diam(;ter. 

Matkrial and methods 

Mat(‘rial for (;ytologi(;al studies was fixed in formalin acetic alcohol or Allen ^s 
niodilication of Bonin’s fluid. Sections of b to lO/i were cut and stained with iodine 
gentian violet or by Heideuhain’s iron-alum haematoxylin, with oiange G as counter 
stain. 

DkVKLOPMKNT of ANTHEIUDIIJM AND OOOONJIJM 

^rho mycelium is intereellular and . coenocytic eontaining numerous nuclei 
(Fig. 2), developing small luiustorial processes into the host cells. The differentia- 
tion of the oogonium at tbe tip of tlio swollen liyphae (Fig. is similar to 
Unit (leserib(‘d for other Albugo species j)reviously. Tlie antheiidia are paragynous 
and remain closely adpressed to the oogonia. Young oogonia show 80 to 40 nuclei 
soon after din’creiitiation, the nuclei being distributed uniformly within cytoplasm 
(Fig. 4). Tlui first division of all the nuclei within the oogonium is simultaneous 
witli tliat of the antheridium (Fig. b). The spindles of the dividing nuclei are quite 
prominent, intrarmclear (Fig. 7), and are not arranged iji a definite manner to re- 
s(unl)lo the stage of zonation r(‘j)orted in species like .1. A. yoriulacae and others. 
Af’t(;r (his first nucl(;ar division, all the nuclei migrate towards the periphery 
and the ecuitral region is dtwoid of all nuclei. At this stage, there is a differentia- 
tion of well developed (Fig, b) coeiiocentrum (Figs. 11 and 12) by the accumulation 
of the cyto])la8mic material and which stains ver}^ deeply with haematoxylin. 
There is a second simultaneous nuclear division in the oogonium of all the nuclei 
most of which are redistributed again towards the central region also (Fig. 9). The 
sfjcond nuclear division in the oogonium may or may not be accompanied by similar 
nuclear divisions within the antheridium. In many eases, tlu; second nuclear 
division within the antheridium precedes that in the oogonium. During the second 
nuclear division in the oogonium as many as 80 to 90 dividing nuclei in their meta- 
piiasc stage have been counted. The differentiation of the ooplasm and periplasm 
takes place by the migration of a single nucleus towards the centre. The rest of the 
nuclei move towards the periphery and degenerate. In the degeneration process, 
the chromatin network in the nucleus first disappears and finally the nuclear 
membrane and nucleoli disintegrate. No receptive papilla has been observed. 

The antheridia show at first b to 8 nuclei, and after the two mitotic divisions 
24 to 34 male nuclei are observed within the mature aiitlieridium. As already 
stated, the first mitotic division of the nuclei within the antheridium is simultaneous 
with that of the oogonium while the second division sometimes takes place 
in advance of that in the oogonium (Fig. 8). 

Soon after the differentiation of the oosphero, the antheridial tube enters 
penetrating the periplasm (Fig. 10). A single male nucleus is discharged into the 
oosphero, wliich during the process of migration appears slightly ovate or elongated, 
and becomes spherical again after reaching the egg nucleus (Fig. 13). The male and 
female nuclei fuse imnlediately and the fusion nucleus is surrounded by densely 
staining cytoplasm (Fig. 14). A wall is laid at the region of the periplasm and the 
fusion nucleus undergoes free nuclear divisions. The nuclear membrane dis- 
appears prior to the differentiation of the spindles and the divisions are extra 
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nuclear. During the metaphase of the nuclear division of the zygote nucleus, 24 
chromosomes have been counted (Kgs. lo and 16). There are 24 to 32 nuclei within 
the mature oospore. 

The wall of the mature oospore shows two layers (Fig. 17). The endospore is 
smooth and coloured and the exospore is thick and slightly irregular in outline. 
The wall of the oogonium is persistent and is closely adprcssed with the oospore 
wall at certain places and appearing in surface view' as being covered with tuber- 
culate projections. 

General discussion 

Species of Albugo parasitizing members of the Convolvulaceae in India include 
A, evolvuli (Damle) Safee. and Tliirumal. on Evolvulus alsinoides L., A, ipomoeae- 
aquaticae Sawada on Ipamoea aqnaiica Forsk. (/. reptans Poir), ..4. evolvuli var. 
rmrreniiae Safee. and ThirumaJ. on Merremia ernargiuata Hall, and present species 
under study referred to A. mysorevsis on IpornoKt hederacea. I'he collection on 
Ipomoea eriocarpa from Kashmir reported by Butler and Bisby (1931) has not been 
available to us for examination. All the above-mentioned species are easily 
differentiated from Albugo ipomoea f-pmuluravae (Sehw.) Swingle in the sporangial 
stage by the lack of the characteristic equatorial thickdiings present in the wall of 
the sporangium. The oospores are characterized by the persistent oogonial wall 
which forms the outermost envelope and resembles tlie condition presont in the 
genus iSclerospora. In contrast, the oospore in A. ipomtuac-paaduranat resembles 
those of other Albugo species in having a large space separating the oogonial wall 
and the mature oospore. From these considerations, it is apparent that there is 
as yet no authentic record of A, ipomoeae-panduravae in India. The other species 
reported on the members of the Convolvulaceae are A. minor Ciferri, A, ipommae- 
pescarpe Ciferri, and A, ipomoeae-hardwickii Sawada which are characterized by the 
presence of equatorial thickenings of the sporangia. The types of symptoms pro- 
duced on the host are characteristic of the species concerned. In A. evolvuli and 
A. evolvuli var. merremiae there is no hypertrophy of the infected portion of the 
host. The infection is systemic in the shoots which strangely change from the 
prostrate to erect habit. Jn A. ipomoeae-aquaticae the fungus is confined to por- 
tions of plant which become hypertrophied. In all the three species mentioned 
above, the sporangia are formed first on the plant, and from the same hyphae in 
later stages the oospores are formed within the host tissues. In the species on 
Ipomoea hederacea on the other hand, infection is localized and the sporangia are 
produced on the leaves, shoots and flowers appearing as white erumpent pustules 
which incite slight hypertrophy of the host. The oosporic stage produced as a 
result of infection from the sporangia is formed on young axillary shoots and stems. 
It develops at first as tiny protuberances and gradually enlarge into large cerebri- 
form galls of considerable size. There is no covering of sporangial pustules on 
these galls, and these would be overlooked if one has not followed the developmental 
cycle of the fungus. Even very mature stages of leaf and flower-bearing sporangial 
infection fail to develop the oospores. The seat of sporangial and oospore develop- 
ment are therefore separate from each other though both belong to the same cycle. 
A comparative account of meeisurements of sporangiophores, sporangia and’ 
oospores in the four species A, evolvtili, A. evolvuli var. rnerremiae, A, ipomoeae- 
aqiuiticae and A, mysoreusis is presented in Table 1. An account of the differences 
in cytological details are also given for the four species. 

The table indicates that, apart from the characteristic differences in the typo 
of symptoms produced on the host, and size of the sporangia and oospores, the 
.nuclear details in the gametogenesis and oospore formation vary with respect to 
the number of nuclei in the oogonium and antheridium and the presence of well 
developed coenocentrum, etc. To indicate these differences, the allocation of a 
.separate species for the Albuyo species on Ipomom hederacea is Justified. 
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Albxigo mysorensis Safee. and Thinimal. 

Sporangia produced on leaves, Howers and rarely on stems, inciting slight 
hypertrophy and paling of the leaves, Mdhte, erumpent and pulverulent. Spor- 
angiophores subepidermal, clavate-cylindi'ic, 33“-41 X producing in 

succession chains of sporangia. ^Mature sporangia cuboid to spherical, without 
equatorial tliickenings, hyaline, smooth, measuring 15-11) x 13-1 6/i. Sex organs 
produced in largo cerebriform galls produced by transformation of axillary buds or 
tender stems, Oogonia spherical, 46-58/x in diameter; antheridia paragynous, 
measuring 16-20x10-13^, cinnamon-yellow to pale brown, thick-walled, with mi 
outer exospore and inner endospore. Wall of the oogonium persistent, with the 
tuberculate thickenings, confluent with oospore wall at certain places, measuring 
44 X 54/i. 

Hab. on leaves, flower and shoots of Ipomoea heda'acm, Hebbal, Bangalore, 
leg. M. J. Thirumalachar (Type). 


Albugo mysorensis Safeo. and Thinimal. nom. nov. 

Sporangia producta in foliis, floribus aiquc raro in culmis, inducentia, erurn- 
pentia, pulverulenta, Sporangiophori suhepidennales, clavato-cylindrici, 33-41 x 
13-J8ft, successive prodiicentes sporangiorum oatonules. Matura sporangia cuboi- 
dea vel vsphaerica, absque spissationo cquatoriali, hyalina, levia, magnit. 15-1 9 X 
13-16/x. Organa sexualia amplis cerebriform ibus, gallac vero efformatur ex muta- 
tionem albabastrorum axillarium vel culmorum tencrum. Oogonia sphaerica, 
46x58/x diam.; antheridia paragyna, magnit. 16-29 > 10-1 3/x, cinnamomo-lutea 
vel pallide bninnea, crassis parietibus praedita; parietes vero constant exosporio 
externo et endosporio. Oogonii parietes porsistentes vero constant exosporio 
externo ot interne. Oogonii parietes persistentes, tuberculate spissati, confluontes 
cum oosporum parietibus locis denitis, raagnitud. 44x54//. 

Habitat in foliis, floribus et culmis Ijmmoeae hederuceoe, Typus Icctus in loco 
Hebbal, Bangalore, a M. J. Thirumalachar. 

Abstract 

A (lelailiHl jnorpliological and cytx)logical .study of thu gaineiogonesis and oosporo fonnation 
in Albugo species on Ijmnoea hedemcea is made. 

A comparative account of species of Albugo parasitizing the members of Convolvulacoa<3 
in India is presented. 

Apart from the clianictoristic differences in tiio type of symptoms produced on the hosts, 
and size of sporangia and oospores, the nuclear details in the ganietogonesis and oospore forma- 
tion, fin account of cytologicaj details is also giv(3n to justify tlio allocation of a soporato specific 
rank for Albugo species on Jjpornoea hederacea. 
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Explanation of figdres 

Text fig, 1. Figs. 1-9. 

vShowing the habit of diseased shoot, nat, size. 

Jnlorcolliilar hypha. X 1,350. 

Oogonial initial. X 1,350. 

Oogonium and tuithoridiurn. x 1,350. 

First simullara^ous nucloar division in tho antheridiurn and oogonium. x 1,350. 
First nuclear division in tho oogonium with tho div'iding nuclei arriuiged near 
the periphery. x 1,350. 
rntranucloar spindles ;/ 2,025. 

Second nuclear division in tho antheridiurn alone, prior to tho division of nuclei 
in tho oogonium. x 1,350. 

Second nuclear division in tho oogonium, x 1,350. 

Text-fig. 2. Figs. 10-18. 

Uninucleate oosphere and anthoridial tube before tho male nucleus is discharged. 
X 1,350. 

Oosphere with coenooontrum. X 1,350, 

Same as in 11, enlarged, x 2,025. 

A portion of oosphere with rnalo and female nuclei. .< 1,350. 

Oosphere with fasioii rmcleu.s. x 1,350. 

First division of tho fusion nucleus. X 1,350. 

Suh.sequent divisions in the oospore. X 1,350. 

Mature oospore, x 1,350. 

Aroolo. X 1,350. 


Is^^uf’d Ftbnidry It, 1957. 



MICROFLORA AND AGE OF PUNJAB SALINE SERIES FROM DHARI ALA 
WELL NO. 1, SALT RANGE, WEST PAIilSTAN 


hy A. Bosk, Bose Institute, Calcutta 9 

(CommuiiicaRxl by D. M. Bose, F.N.l.) 

{Recewfd March 12; apjyroved for reading on May 4, 1956) 
Imtrodltctiom 

Phylogenetical liistory of vascular plants lias Imni a problem of great interest 
to biologists from time immemorial and rooks of geologically earlier formations 
have been the subject of continuous attack for the find of a happy solution of tlui 
question. While Lang and Cooksoirs (1935) and Cookson’s (1935) discovery of 
proto-lycopod Baragwaiiaihia macrofossils from the Silurian of \'ictoria, Australia, 
may be much accredited, being the first definite record of the earliest existence of 
vascular plants on earth, it can by no means claim to be the final clue to the problem. 
For rc2)orts are now gradually accumulating from dilTerent parts of the world to 
prove beyond doiibt the occurrence of vascular flora in such an early age as Cambrian. 
It was Darrah who, in 1937, first recovered pteridophy tic and bryophytic plant spores 
in the Upper Cambrian of Kolm from eastern Sweden, but as the discovery was 
not consistent with the prevailing conception of plant phylogeny its value was 
underestimated. In India, Ghosh and Bose (1947) were the first to record remnants 
of vascular plants in tlie definitely known Cambrian bods of the Salt Pseudomorph 
Stage, in the Punjab Salt Range, and since then they have continued examining other 
Cambrian beds of India, Pakistan and abroad with the result that the existence 
of vascular plants in Cambrian times has become more and more evident (Cdiosh 
and Bose, J950a, 19506, 1952a, 19526, 1953, 1954). 

In 1953, the author received from Messrs. Burmah Oil Co., Ltd. (through 
Shri A. K. Ghosh) six rock specimens from different depths of Attock Oil Co.’s 
Dhariala Well No. 1. These specimens were from cores of the Punjab Saline Series, 
the top of which occurred in the well at a depth of 1,470 feet. They are representa- 
tive of the Upper Gypsum/Dolomite and Salt marl stages of that Series. 


Description of Rock Specimens 

The description of the rocks, as supplied by the Attock Oil Co., is given in the 


following table: — 



Serial 

Depth in Well, 

Description 

No. 

feet. 


1 

1,650 

Chocolate siltstone 

2 

1,960 

Impure dolomite 

3 

1,987 

Oil shale 

4 

2,350 

Red marl 

6 

2,880 

Rock salt with some inclusions 


of marl 

6 

3,965 

Impure anhydrite 
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Technique 

SaiuplcB I to 4 a!id have bc^n macerated in solutions of equal parts of nitric 
and hydrochloric ueid with a little quantity of potassium chlorate in addition. On 
diHSolution of th(3 rocks, the clayey solutions have been washed in distilled water 
by the j>ruc(‘.Hs (jf liltration in a Buchner funnel under reduced pn*ssure. After 
proper wanhifi^, the residue on tho lilter bed has been blea(;hed in 10% potassium 
hydroxide solution for 48 hours after which thorough washing has again been done 
by the process already rncfitioned. The residue has then been added with reliltered 
distillcil water to have tho solution spread on slides, dried, and examined. 

Sample 5 has been dissolved in refiltored distilled water and the solution thus 
form(?<l has bo(m oxamiriod. 

Needless to say (jvery [)os.sible precautionary measure has ])e(‘n taken against 
laboratory contamination. 


Obmkhvationh 

On examination samples .4 and 4 have yielded negative ix’sults and sample 
o has givcm only few fibrous structures. 

Mictrofossils of the types of woods and spores have been recovered from samples I , 
2 and b. Some of these', micaofossils are described here with a view to give an idea 
of the Jiat-ure of ]>larits of whieh th(‘y form fossilized parts, and an attempt lias been 
mad(^ to show their distribution, with rcderHuico to spores only in the Oambrian 
and infra-Carnhrutn of various regions so far examined by the author. 

A, Woo(h. 

1. Scnlariform f racheid — Several tracheids with scalariforin pittings recovered 
from samples I and 2. Tracluuds vary from 5*5 to frO/a in width ; rungs or thickened 
borders are 2-3 to ()-(i/iin breadth (Id. XVI, Fig. 1). 

2. Borden^d pitted traelieid — ^Threo tracheids with remnants of adjacent ones 
recovered from sample (>. Tracheids are 5*5 to 1 J/a in width ; pits bordered, compact, 
arranged in a row or irregularly distributed, and elliptical; size 5*5^Xb4)/x; orifice 
2*2p X5 Op, ; borders 1*5 to 2*2p in breadtli. kSobio of the bordered pits occasionally 
widen transversely to simulate a scalariforin appearance (PI. XVI, Fig. 2). 

5. Borderi'd pitted tracheid — Several tracheids with remnants of adjacent ones 
recovered from sample I. Tracheids are 4 to 6*5p in width. Pits bordered, round, 
elliptical, compact, 1 -rowed or irregularly distributed; orifice 2*2p in dimension; 
borders I -bp thick (PI. XVI, Fig. 3). 

4. Bordenxl pitted tracheid — A fragment of a tracheid with three round pits 
recovered from sample 1. Orifice 4*4px5 5p, pits crossing, l*5pX4-4p ; borders 
2*2p thick (PI. XVT, Fig, 4). Also recorded in the Salt Pseudomorph Stage (G.S.I. 
57/285) in the Punjab Salt Range, and in the mid-upper Cambrian of Kashmir 
(G.S.I. K.32/248). 

5. Pitted wood — A piece of wood with apparently simple pits recovered from 
samples 1, 2 and 0. Ihts appear simple probably due to heavy carbonization and are 
separate from one another, round and 3*3p in dimension (PI. XVI, Fig. 5). 


B. Fibres. 

A fibre, 907*5p X 12* Ip, semi -carbonized and brownish yellow in colour, recovered 
from sample 5. A portion of it only is shoivn in PI. XVI, Fig. 0. 
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C. Spores. 

1. Psilate spore, elliptical, 14*3/i X20*9ii; brownish yellow in colour, wall thin 
(PI. XVI, Pig. 7). 

Recovered from Dhariala sample 0; also from Kolhan Series (G.S.I. 0454). 

2. A round spore IS ljx in dimension, yellow'^ in colour, wall \p thick, surface 
appears to be rough (PI. XVI, Pig. 8). 

Recovered from Dhariala sample I ; also from Upper Kaimur, Upper \4ndhyans 
(G.S.I. 58/889), and Lower Kaimur, Upper Vindhyans (G.S.I. 58/895). 

3. A round spiny spore with a short flange-like structure. The entire 
structure is l4*3fiX 15*4/i ; brownish yellow in colour: spore body 13 2/4 X 14-3/x, 
studded with very short spines; flange 1-2/a \vide, wavy, formed probably by the 
projecting spines (PI. XVI, Fig. 9). 

Recovered from Dhariala sample 1 ; also from Braintree fcjrmation, Paratioxidci^ 
harlani zone, mid Cambrians of N. America. 

4. Elliptical monolete spore, psilate, golden yellow in colour, dimension 
13-2/iX 17-6/a, slit of dehiscence elongate, tapering and 1-2/4 X 13*2/i in size. Spore- 
wall ()-5/a thick (PI. XVI, Fig. 10). 

Recovered from Dhariala sample 2 ; also from Stephen formation, mid 
Cambrian of N. America, Upper Kaimur, Upper X’indhyans (G.S.I, 58/891), and Salt 
Pseudomorph Stage, Punjab Salt Range ((hS.l. 57/285). 

5. Elliptical spore with an elongate slit of dehiscence, golden y<41owin colour, 
dimensions 25-3/a X 39 0/4. Slit area 16*5 /aX 39-6/a; wall very thm (PI. XVI, Fig. 11). 

Recovered from Dhariala sample 1. 

6. One-winged spore 45- 1 /x across; yellow in colour; spore body roundish, 
dimensions 24*2/aX 27-5/a with a wide opening extending vertically, aperture 

17- 6/a X 22/a; wing densely reticulate IpXllp in size (PI. XVI, Fig. 12). 

Recovered from Dhariala sample 1 ; also from Salt Pseudomorph Stage, Punjab 
Salt Range (G.S.I, 57/285). 

7. Two-winged spore 53-9/a across; spore body deltoid, 29-7/a (vertically) X 

18- 7/a (transversely, basal portion) to 390/a (transversely, apical portion) in size; 
golden yellow in colour ; whigs placed more or less symmctri(!ally on two sides, 
reticulate, 14-3 to 20-9/a X 24-2 to 29-7/a in size (PI. XVI, Fig. 13). 

Recovered from Dhariala sample 2 ; also from Glauconite Beds, Sernri Series 
(G.S.I. 58/91 1 ), and Salt Pseudomorph Stage, Punjab Salt Flange (G.S.I. 57/285). 

8. Two-winged spore 35*2/a across; spore body round, 22/a in dimension with 
5 stripes traversing the body transversely reaching the wings for a considerable 
distance; golden yellow in colour; wings broadly reticulate, of the sanu^ cohmr as the 
spore body and I7-6/i X 30'8/a in size (PI. XVI, Fig. 14). 

Recovered from Dhariala sample 1; also from Glauconite Beds, SiTOri Scries 
(G.S.I. 58/911), Fawn Limestones, Sernri Series (G.S.I, 58/915), and Mandi Salt belt 
(G.S.I. 58/1032, and 58/1033). 

Inference 

IVIicrofossils recovered from Dhariala Well No. 1 rock samples 1 and 2 are easily 
comparable to those so far recorded from rocks of undisputed Cambrian ago of India, 
Pakistan and the U.S.A. <and some of the microflora recorded in sample 6 resemble 
those obtained from the Eparchaean Kolhan Series. 

In spite of geologists' (Christie, 1914; Fox, 1928, 1944; Gee, 1944, 1946, 1960; 
Pascoe, 1944; Stuart, 1919; Wynne, 1878) consistent advocacy for the Cambrian age 
of the Punjab Saline Series, palaeobotanists like Sahni (1944, 1946), Sitholey (1946), 
Lakhanpal (1946), Trivedi (1946), and others have regarded it as of Eocene or Ter- 
tiary age on the evidence of their microfossil data. The microflora so far recorded 
by them in different rocks of the SaUne Series include various types of woods, cuticlee 
of grass (?), cuticular structures, hairs, algal and insect remains, fungal spores, 
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Bpore-liko bcxlios, spherical thin-walled or thick-walled spores 23'4fi to 26*4^ in 
dimensions, thin-wared or thick-walled ellipsoidal spores 13/xX 16-2fi in size, spherical 
monuleto spores l.'hh/x to 2h/x in dimensions, and ellipsoidal monolete spores 18-2/xX 
31 2/i in size. But it is interesting to note that similar microfossils and sometimes 
more advanced typ(‘H of spores, o.g. trilcte spores or winged spores or both, have been 
noted by the author in the Lower and Upper \dndhyans of India, and in the Cambrian 
of North Afncri(^a, tlu? Punjab Salt Range and Kashmir. Even in the pre-Cambrian 
rocks, from the Kolhan Series (C.S.f. b454), and the (hingpiir Series (U.S.I. 5013), 
the author has recorded the oecuiTcnee of various types of carbonized woods, 
(\g. H(*alariforrn, apparently simple pitted, and simple types of spores (spherical or 
(‘ilipsoidal, thin-walled or thi(‘k-walled) in abundance. 

These results indicate that the included plant-fossils are of no value in support 
of 'rcrtiary age for th(‘ Ihinjab Saline Series and that they are quite consistent with 
the. (’ambrian view. 

Recently Singh (11)52) has reported the occurrence of trilcte spores (30/x to 41 p), 
tricolpate pollens and p(»lleMs with gfu in-pores in an oil shale from the Lower (iypsum 
Dolomite stages of tfu; Salirui St‘ries in the Patehpur Maira Gorge of the Punjab Salt 
Ibinge. 4'his discovery has l(‘d him to conclude that the Saline Series is of Tertiary 
age. 

To multiply instances of Cambrian ocimrrence of trilete spores, reports of the 
investigation by Naumova ( 11)41)), Reissinger (1938, 1952, 1953), Kopelioviteh (1951), 
.lacob (1949), anddacob <1 ciL (1953a, 1953ft) may bo mentioned. Cases of discovery of 
angiospermic pollens in very ea riy beds art‘ also not at all unknovvai to-day. Reissinger 
(1952) reports the r(KX)V(‘ry of a Potamogedon pollen in the low’er Cambrian dark blue 
clay Kunda in Esthonia ; Radforth and Metiregor (1954) report of their finding of a 
Nymphaeaeeous [)olI(*n (Typ(^ G3') in the Devonian rocks from the Wabamum Lake 
No. I W(ill, In the (’arbonifcu'ous rocks, Reissinger (1952, 1953) has recovered 
pollens of Irif^ sibirieay II j/drocharifi morms, Ny^nphaea, Nitphnr, Polygoyiurtu 
Potamogeton, LiitDiatithemnyyi and pollens resembling those of Qiurens, Beitda, 
(Utrya and other palms. These data are suftieient to indicate that the existence 
of angiosperms is not always characteristic of the Mesozoic or Tertiary, but that they 
occur also in rocks of Cambrian, of Devonian and of Carboniferous ages. 

In conclusion, it may bo said that since the rocks of the Lhariala well contain a 
rnicrollora similar to t hat recovered from the undisputed Cambrian formations of the 
Punjab Salt Range, from the Vindhyans of India and the Cambrian of Kashmir and 
North America, they are (‘onsidered to be Cambrian in age. The Punjab Saline 
Sc^ries of other hxN^lities in the Salt Range also entombs rnicrofossils most of which 
are identical with thos(> found in undisputed Cambrian rocks. 
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Abstract 

Six rook-specimens from Cores taken from the Punjab Saline Series, Dhariala Well No. 1, 
have boon examined. The microflora recovered resemble those recorded from undisputed 
Cambrian rooks. The age of the rocks analysed is, therefore, considered to bo Cambrian, 
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A, bosk: MICiU)n.OEA AND AOE OF PUNJAB SALINE SERIES 


Explanation of Plate XVI 

(All t ho photographs are untouched) 

Fio. 1. Sealuriforrii truchoid. x 45(J. 

,, 2. Bordered pitlod tmcheid. X 450. 

3. Hordnntd yottod trachoid. X 450. 

,, I. fi(irdorc<l f>ith*d traclioid. X 1,000. 

5. Appiii* fitly Hirrj{de pitted wood. X 450. 

,, 0. A |.K>rtiori of a long tihro. /: 450. 

,, 7. Spore. / 1,000. 

t, s. Spore with rough Kurfaoix X 450. 

,, \K Spiiiy Hporo witli n short flange. ,a 450. 

., 10. Monolete Hjiore. X 450. 

,, 11. Monolfde Kpfue. / 450. 

,, 12. One-wing»Ml Hpijrc, .-'450, 

,, 13. Two-winged H[)or<;. x45o. 

,, 1 1. 'I’wo-wiiiged spore witli strif>«^s. X 450, 


/.s.snej Fvhmary //, 10G7. 



ON A NEW SPECIES OF PLATYCEPHALV.^ 


by L. F. i>K Beaufort, De Hooge Kley, Aniejifoort, N etht rlamh 
(Communicatecl by B. S. Bhimachar, F.N.I.) 

{Received Jvly 9 ; approved for reading on August 5, 19f>6) 


The genus Plaiycephalns comprises many speeios of bottom fishes from const al 
and moderately deep waters in India and VV(‘h 1 Pacifit^. Tlu\y hav(^ been split up into 
at least a dozen genera, but the general habits of all sp('cies are so alike that I prefer 
to keep them in one genus; also because not all groups can b(^ ekarly distinguished, 
for instance, a group characterized by rather large scales. Regan (1908) (h'si'ribed 
three of them from vStanley Gardiner's collections in the Indian Ocean: P. otlgobpis^ 
P. pediwacida and P. grandisguarnis from Oargados Carajos, Seychelk^s and Mal- 
dives, all of thorn froimdoptlis of 20 to 30 fathoirm, commenting on these species as 
folloAvs: ‘The three preceding species arc allied to the Ja])an(^He P. spiuoMus Schlegal 
and P. nincroUpis Bleeker and differ from others of the genus in the lai ge sizt^ of the 
scales’. 

]\Tax Weber collected specimens belonging to the same group during the Siboga 
expedition in the eastern part of the Indo-Australian Archipelago and described 
them (1913) as the new species of P. macrocephalus (S. coast of Timor, at a depth 
of 30 m.), and P. grandisquamis (off New Guinea, at a depth of 32 m.), apparently 
unaware of Regan’s paper, for Weber’s grandisquamis is identical with Hogan’s 
oligolepis and differs from P. grandisquamis Regan. Max Weber too laid stress on 
their affinity to P, spinosus and P, macrolepis, 

Weber records 6 specimens of his P, grandisquamis (oligolepis), but re-examining 
them I found that two specimens differ considerably from the others and represent 
a new- spec ies which I have the pleasure to name after my friend, the late T)r. Sunder 
Lai Hora, F.N.I. , Director, Zoological Survey of India, Calcutta. 

This new species is of interest, because, although certainly belonging to the group 
now under consideration, it differs from the others in having the suborbital ridge 
not serrated and in having somewhat smaller scales, hence showing affinity to other 
species of the genus. This is again a proof that it is impossible to establish clear cut 
genera inside Plaiyceph/ilus, 

Before giving the description it will be necessary to explain some of the terms 
used. The bony ridges and their spines on the head of the Platycephalidae, and of 
the Scleroparei in general, to which order the Platycephalidae belong, are of taxono- 
mic importance. I hAve denominated them as follows: 

Supraorbital ridge on the frontal along the superior orbital rim, often continued 
on the parietal as superior postorbital ridge which is flanked by the inferior post- 
orbital ridge on the preotic and ending on the post-temporal. Suborbital ridge on 
the suborbitals which form the characteristic * preopercular stay’ of the Scleroparei. 

Platycephalus horai n. sp. 

2 1/2 

DL VIIL D2 12. A.12. P.2.10.4. V.1.6. LI.60. Ltr. 1 

11 

Height 8*3 in length, 10*4 in length with caudal. Head 2*6 in length, 3*3 in length 
with caudal. Eye with a minute, simple tentacle above pupil, 3*7 in head, 1*2 in snout 
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and 5*5 tiniOH the roficavc interorbital space. Maxillary reaching to below anterior 
border of pupil. Bands of villiform teeth in the jaws, in two small triangular 
jiatchcs OH the vomer, and in narrow bands on palatines. Anterior nostril with a 
short flap. Two spines bfdween the anterior nostrils. One strong spine on elevated 
anterior orbital riin. Supraorbital ridges each with 12 or 13 crowded spines, diverging 
behin<l eyes and continued as superior postorbital ridges, which have 3-5 spines, 
the last one or lh(i two posterior ones somewhat separated from the others. Anterior 
part of inferior ])ostorbital ridge with 4 spines, the first immediately behind eye and 
inorf‘ erect than the otluns, separated from the posterior part, which is more merlial, 



an<l has three spines, the last in line with the lateral line, tlie two anterior scales of 
which hav(> a spine. Preorbital with three diverging, flat spines, directed forward. 
Suborhital ridge with three small spines in front of eye, one below middle of eye, 
and five behind eye, the last of which at the base of the rather strong preopercular 
spine which is as long as pupil; below it two spines, the inferior one very small. 
()porele with two strong spines, Opercle and preopercle scaly, head otherwise 
naked. About stwen rows of scales before dorsal. First dorsal spine small, third 
longest, almost uno-third of diameter of eye longer than postorbital part of head. 
Anterior longest dorsal rays as long as longest spine. Anal less deep than second 
dorsal. Pectorals as long as post orbital part of head. Ventrals almost as long 
iis head mthout snout. Caudal slightly rounded. Scales ctenoid above, cycloid 
below. Colour of preserved specimens yellowish above, lighter below. Back and 
sides with traces of brown transverse bands, one below first dorsal more distinct. 
First dorsal with a broad subtorminal, longitudinal band, other fins more or less 
spotted with dark. Length of two specimens 41 and 68 mm. Habitat: Off New 
Guinea, 32 m. 

The relationship betw^een this and the other species mentioned above is 
shown in the following key. 
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A. Supraorbital ridge spiny in its entire length. 

a. Suborbital ridge entirely serrated. 1 to 4 spines on 

anterior orbital rim. 

ai. LI. 29-34, two anterior scales spiny .. .. P. oligakpis 

b^. LI. 40. Scales of anterior third of Ll. spiny .. P. 

b. Suborbital ridge with 3 spines in front of eye, one below 

middle of eye, and 6 behind eye. LI . 50, tlu) two ante- 
rior scales spiny . . . . . . . . P. Iioroi 


B. Posterior part of supraorbital ridge only serrated. Sub- 
orbital ridge entirely serrated. 

a. Four spines on anterior orbital rim. Ll. about 30 .. P. pedimar.iiln 

b. One spine on anterior orbital rim. Ll. 33-36, two ante- 

rior scales spiny . . . . . . . P. mucrocepfialun 

0 . One or two spines on anterior orbital rim. LL. 30, 3 or 4 

anterior scales spiny . . . . . . P. (pmidisqiiatnu 

d. One spine on anterior orbital rim. LL. 38-40, none of the 

scales spiny . , . . . . , . P. macrolepin 


Summary 

.Fi.'sliofi ()f tho gt*nu8 Platycephalm havo similar habits. As sucli, no division of tho finhoH 
into geiiora is possible. A now .species P. horai is dostn’ibed based on two specimtMis out of a 
lot label leil P. grand isy amnia Weber. 
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I, LvTRODlJC'jnON 

During ilio Inst century and a half, the (hivolopment, morphology and anatomy 
ol’ the embryos and sticdlings of various grasses have been extensively studied. 
Bruns (181)2), Worsdel! (ID lb), Avery Jr. (IDJO), McCall (1984), Boyd and Avery Jr. 
(1980), Hector (1980) and Hayward (1088), amongst others, have already reviewed 
lelevant litiuature. But the homologies of different organs of the embryo have not 
y(^t been fully ostablislied. 

The sliii^ld -shaped structure by means of which the grass embryos draw 
nourishment from the endosperm has been described since the time of Cfartner (in 
Coebel, 1990, p. 415) as tlio scntdlfrm] its function is solely suctorial. The rjrihlast 
and the vevtral ari' apparently outgrowths of the scutellurn, a protecting device 
for the plumule; theses are without any vascular supply. The coleoplile or the 
plumular sheath sits directly on the scutellar node and appears to arise from the 
latter in close association with the scutellurn. The endogenous primary root with a 
root atp is surrounded by a peripheral tissue, the coleorhiza, wliich is continuous 
with the scutellurn. 

The most important contributions within recent years are those of Avery Jr. 
(1928, 1989), McCall (1934), and Boyd and Avery Jr. (1936). Mullendore’s (1948) 
contribution is not really concerned with the homologies of these organs. Avery 
Jr, and Boyd and Avery dr. advanced the views that the scutellurn is the coty- 
ledon; colcoptile, the second leaf of the plant ; mesocotylf, the first internode of the 
axis, and therefore, they think that the term ‘mesocotyr is a misnomer and should 
bo discarded. McCall from a detailed study of the embryos and seedlings of wheat 


♦ Formerly of the Botany Department, Dacca University, Dacca. 

t During Iho germination of tlio seed an axis is intercalated between the scut-ellum and the 
colooptilo which was named mesocotyl by Celakovsk^ (1897 — in Goebel, ii, 1906) in the seedlings 
of Carex, Accortling to him it i.s neither the hypocotyl nor on intemode, but a greatly 
elongated node (Goebel, ibid,, p. 412). 
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came to the conclusion that the epi blast is the first leaf, the scutollum is the coty- 
ledon and the second leaf, and the coleoptilo is the third loaf (perhaps a fusion of 
two Icjives). The mcsocotyl is made up of two internodos and from its three nodes 
spring resi>ectively the epiblast, the 8<aitellum and the coleoptile. Boyd and Avery 
Jr. have already critically examined the thesis of McCall. Son^gos (1924) unlike 
the other investigators confined his studies to the development of the embryo of 
the grasses. He reported that the scutcllum is f he cotyledon, and the coleoptile is 
formed from it. 

When the available literature* on the subject are taken into consideration the 
nature and homologies of the component parts of the gravss cml)ryo (including the 
mcsocotyl which is not a component part of the embryo) stand thus: 


Scutellim 

Coleoptile 


M esocMyl 


Epiblast 


Ventral scale 
Auricle 


Cotyledon; sucking apex of the cotyledon; second leaf of 
the plant ; etc. 

Ligular sheath; bistipular in origin; extension of the cotyle- 
donary sheath; foliage leaf (first of the plumule); 
cotyledon. 

Elongated scutellar node; ('longatod primary node; unique 
structure produced by the fusion of the cotyledonary 
stalk with the hypocotyl; the lirst opicotylary internode 
of the axis; the first two intcirnodes of the axis. 

A leaf opposite the scutellum, or a little above the axis; 
rudimentary cotyledon f (scic.ond) ; an apptmdage of the 
axis or the scutellum or colcorhiza; of little or of no 
morphological value; together with the ventral scale it 
forms the cotyledonary ligulo. 

Ligule; an outgrowth of the free limb of the scutollum. 

A pair of structures s(?en only in the rice embryo; marginal 
outgrowth of the scutellum; a part of the ventral scale. 


Much of the above information is based on thci studies of the embryos and 
seedlings of wheat, oats and maize and of otlier grasses. Y<»ung (ll).*18) reported 
on the developmental anatomy of the seedling of tluj rice plant. According to him, 
‘ the general structural make-up and the provascular system of the rice embryo 
closely resemble that of the oat’ with slight variation. But we shall see later that 
our observations on the development and seedling structure of the rice embryo are 
substantially different from those of Young. 


2. Matekials and Methods 

Materials for the present studies w^ere grown both in liglit and darkness in Petri 
dishes in the laboratory and in the Botanical Garden of Dacca University towards 
the middle of April, 1952 and 1953. Grains were sown at dift'erent levels of the soil. 
The seedlings at different stages of growth and development were fixed and pre- 
served in FAA solution. To study the embryo in its earlier stages of germination 
unhusked rice grains were soaked in water for 24 and 48 hours after which they were 


* Poiteau, 1809; Bruns, 1892; Celakovsk;^, 1897; Cannon, 1900; Goobel, ii, 1905; Coult/or, 
1915; Sargant and Arber, 1916; Worsdell, 1916; Weatherwax, 1920, 1923; Percival, 1921, 1927, 
Ni8hiiniu*a, 1922; Soudges, 1924; Arber, 1925, 1934; Howarth, 1927; Avery Jr., 1928, 1930; 
Boyd, 1930, 1931, 1932; McCall, 1934; Boyd and Avery Jr., 1936; Yoimg, 1938; MuUendore, 
1948. 

• t Those who believed the epiblast to bo the rudimentary second cotyledon are the 
supporters of the theory of the origin of monocotyle<lony from dicotyledony by the suppression 
of one cotyledon. They, therefore, think that tho cotyledon in monr)cotyledonfl is really lateral 
instead of terminal with reference to the axis. 
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isf)lated lrr)m/the erKlt^sperm and killed, fixed and preserved separately. To study 
the development of the embryo rice grains of different stages of maturity were 
collected from the panicles of the rice plant and the embryos were carefully isolated 
and fixed for microtome sectioning. 

At the tinu? of uh(! the preserved materials were dehydrated and embedded in 
paraflin according to the schedule. Most of the sections were cut 8/i and lOp thick 
and stained in safrauin and fa.st green combination. 

To study the vascular system of the mesocotyl the material was cleared in 
absolutes alcohol. The cleared mesocotyl was then washed, mounted in 50 per cent 
glycerine and the cortical parenchyma removed with a pair of mounted needles. 
The origin and course of the seutellar bundle in the stele And through the cortex to 
the distal end of the scutellum could bo clearly traced in the transparent mesocotyl. 

Observations 
(i) Morphology 

The mature grain of rice is enelosod within husks. The embryo is situated at 
one side toward the base of the caryopsis and lies at one side of th(^ endosperm 
(Fig. 1). In longitudinal sections parallel to its wider surface the embryo is seen 
to consist of a short axis witli the plumule at its a|)ex and the primary r<^ot at its 
base. There is n short iuU^rval in the axis between the divergences of the lirst 
plumular leaf and that of the coleoptile which sits directly on the scute^llum, there) 
l)eing no free axis between tlu' last two. The ventral scale, a pair of auricles, epiblast, 
coleorhiza and the primary root with its cap complete the mature embryo of the 
rice plant. 

The vegetative bud of the embryo or the plumule consists of a growing point 
Huirounded by three leaf primordia, the first of which is on the side of the axis 
o[)[)Osite tlie scutellum (Fig. It is a cataphyll represented only by the sheathing 
base withoiit the lamina. The plumule is entirely covered by the coleo])tile wliieh 
is a cono-Hha[)ed structure. Two largo vascular bundles occur in the coleoptile 
one on either side in a plane parallel to the face of the scutellum. It is very thick 
in its terminal region but comparatively thinner on the side opposite the scutellum 
(Figs. 2, 32). 

The embryonic axis is bent and during early stages of germination this bending 
increases to such an extent that the plumule and tlie radicle come to lie almost side 
by side (Fig. II), with the result that the ventral scale, the auricles and the epiblast 
together make an oflicient protective covering over the pocket containing the 
ensheathed plumule (Figs. 2, 3). It appears from the texture, composition and 
the continuity of the tissues that these three extra protective structiues belong to 
the same organ, i.o. the scutellum. 

The rice embryo, as we have already mentioned before, possesses the ventral 
scale, a pair of structures named in this paper, auricles, and the epiblast. The ven- 
tral scale is a small protrusion of the free terminal limb of the scutellum developed 
after the coleoptile. It overhangs the cavity containing the plumule, and 
partially covers the gap left open by the receding free margins of the seutellar 
sheatli. A splitting of the seutellar margins results in the formation of the pair 
of auricles (described by Bruns, 1892, as ‘marginal outgrowths of the scutellum’, 
Goebel, ii, p. 417). The epiblast is a tongue-like outgrowth of the fused margins 
of the seutellar sheiith on the ventral side of the embryo. Together with the ventral 
scale it forms an outer and the pair of auricles the inner extra-protective coverings 
of the plumule (Figs. 2, 3, 30-32). 

The scutellum is largely parenchymatous, and has a prominent layer of epithe- 
lial colls in contact with the endosperm tissue. The epithelial cells are cylindrical 
and elongated with their long axes at right angles to the suiTaec of the scutellum. 
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The upper region of this layer has infoldings to form tubular epithelial dands 
(Figs. 2, 30). 

Its vascular system consists of a broad procambial strand of elongated thin- 
walled cells which originates almost vertically from the scutellar node and then 
follows an oblique course to enter the upper limb of the scutellum and ends near 
its distal end. It gives out line branches towards the epithelial layer (Fig. 3). 

The primary root is organized i!i the basal region of the proembryo. The root 
terminates in a growing point covered by a distinct root-cap. The primary root is 
enclosed in tlie root-sheath or coleorhiza which is not an identifiable structure in 
Onjza, but is merely a mass of parencliyma covering the radicle (Figs. 3, 30). The 
adventitious roots take their origin both in the mesocotyl and from the base of the 
plumule. 

Ckrnii nation . — Under conditions favourable for germination both plumule and 
radicle elongate, the coleorhiza bursts through the pcricarj) and is seen penetrated 
by the primary root, which grows rapidly downward. Soon after tlio cnKu^gence 
of the coleorhiza the colco})tile comes out with the enclosed plumule by the develop- 
ment of the mesocotyl between the coleoptile and the scutellum. It remains closed 
until its base is at level with or slightly below the surface of the soil when its edges 
split ajjart near its tip on the side opposite the scutellum to allow the plumule to 
pass out of it. 

We have already noticed that mesocotyl is absent in the rice embryo. It is 
developed only during germination of the seed, and is intercalated between the 
coleoptile and the scutellum. The growth in length of the mesocotyl is seen to 
vary with the depth of the soil between its surface and tlui germinating grains. 
The deeper the grains are in the soil, within a limit, the greater is the length of the 
mesocotyl. Near the soil surface the mesocotyl is very short; when germinated in 
Petri dishes it is not developed at all (Fig. 4a). Some grains were kept for germina- 
tion ill a glass box in direct exposure to sunlight under a substratum whem the 
mesocotyl was found to develop, but when some of tliem were kept in Petri dishes 
in darkness no mesocotyl developed. Thus the origin and development of this 
organ is seen directly related to the raising of the growing tip protected by the 
enslieathiug coleoptile, wdiich is conical, pointed and turgid, to the surface of the 
soil, and is not duo to absence of light. This is accomplished by the differentiation 
and activity of an intercalary transverse zone of meristem organized between the 
coleoptile and the scutellum just above the scutellar node (Fig. 3). The growth 
and eloiigati(3n of tliis organ is acropetal as the meiistem remains at its top and it 
is suggested that the meristem also contribut(\s to the growth and elongation of th (3 
coleoptile at the base, as tlie length of the coleoptile is seen to a great extent to 
vary directly with that of the mesocotyl. In a seedling with a very long mesocotyl 
the coleoptile was also seen to be very long (Figs. 46c-4c). 

(ii) Embnjogeriy 

Proembryo . — The iirst division of the zygote is at right angles to the long axis 
forming a basal cell and an apical cell. The second and third divisions occur in the 
apical cell and are at right angles to one another and to the plane of the first division. 
Thus a club-shaped proembryo consisting of four cells with a basal 2-eoIled sus- 
pensor is formed (Figs. 5, 26). After this the cell divisions in the proembryo do 
not take place in any definite sequence. The suspensor soon disappears and the 
proembryo becomes at first globose (Figs. 6-8) and then slightly elongated (Fig. 27). 

In later stages of the globose proembryo two longitudinal halves may be dis- 
tinguished on staining reactions. The left half will give rise to the dorsal side of 
the scutellum and the coleorhiza and the right half to the growing point, ventral 
half of the scutellum and the coleorhiza, coleoptile, primary root, etc. (Figs. 7-9). 
Even in the earlier stages of the globose proembryo the ventral side showing bigger 
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Lfilhi with ('onH{)i(:unus nuclei jukI activx* division may be distinguished (Figs. 7, 8). 
Slight cfuivcxity tlie lace ol the embryo preceded by active cell divisions indicates 
the irntjation ol' the apical nieristein and immediately abov(? it the primordium of 
the <:ol(‘optih* liegiiis to a])pear as a slight ridge or fold on the ventral surface of the 
Hcutellinn (Figs. If 10). The further growth and diiferentiation of the coleoptile 
results in thi' f )rtnati<jn of a deep lateral notch over the organizing growing point. 
It s<ion siurourHls and encUjse.s th(^ Htvm tip as a cone-shaped striKjtun^ (Figs. 1 la, 

J \h). 

/v "// ///////. -The upj)er part (»1 the differentiating scutellum grows more or less 
(‘(jiially in both lengtti and width. The fully organized scutellum is curved and 
short (Fig. 10)^ develo|K‘d from a meristem which is rather diffuse (Fig. 27). 

Meanwhile divisions of cells in all planes result in a considerable increase in 
tim .size of the })roimibryo and a proto<lerm-like outer layer can be distinguished 
j)a8sing over tlie scutellar portion in the embryo. 

The li ft half of the proembryo consisting of vacuolating dividing cells 
dilferentiat(‘s into th(‘ dorsal regions of the scutellum and the coleorhiza. The 
portion which jcmaitis in contact with the endo.sperm forms the dorsal side of the 
.scutellum and tlu? fn?e lower portion, which sharply bends away from the endo- 
spiurti, hjrms the coleorhiza (Figs 1 1, 28- .T)). 

Tlie jirotoderrn cells on the dorsal surface of the scutellum f)egin to elongate 
perjKaidicularly to tlie surface and b<u*omcs natognizahh^ as tlu^ (Epithelial layer 
(Fig. 27). Epithi'lial glands, as mcnti<m(‘d Ixd’ore, are numerous towards the upper 
n'gion of the scutellum (Fig. 110). 

f 'olvOfdilt, — ^The coleojitile is initiat(‘d, as we have indicated above, on the 
ventral surface of the scutellum at its junction wotli the growing point in the form 
of a, proj(‘CEti(m developed from the outer layer (Figs. 27, 28). The growth of the 
eol(Eoptilar primordium is rapid on the side wdiore it is initiated and it s(3on bends 
over the dilferentiating growiiig point. The primordium gradually extends tan- 
gentially around th(5 apical dome at first as an open sheath, but the free edges soon 
meet and unit(‘ to form a closed struetunN a eonical sheath, leaving a thin weak 
point on the anterior side, through which the shoot apex comes out during germina- 
tion (Figs, lii, 11). The tissue of the coleoptile is made up of compact parenchyma 
w ith two vascular huiulles bilaterally situated. 

Ajiiatl /nrristcni, — The shoot ap(‘x meristem b(‘gins as a swelling on the ventral 
face of the pi'oembryo wlu're a higlwr freipiency of divisions in the epidermal and 
liypoderrnal ca'lls just below the coleoptilar projection are noticed (Figs. 9, 27). 
In a mature embryo tlu^ a[)ieal meristem is well organized with a uniseriate tunica 
enclosing a corpus (Fig. 12). 

KpihUhst . — Tlie primordium of the epiblast ariscES soon after the initiation of the 
<‘ol(‘oj)tilc (Fig. 9) at or just below the level described as the scutellar node (Figs. 

1 1). At first it looks like a pointed and eonical tip placed at right angles to the 
(unhryonic axis. As it becomes oldcEi* it bends and projects upward. It grows by 
an a jiical meristem wdiieh stains deeply (Fig, 32). The tissue of the mature epiblast 
is jiareuchymatous without any vascular tissue, and is continuous with that of the 
s(*utellar (or coloorhizal) parencliyma. Figs. IGa-lOo show clearly the origin 
and development of the epiblast. It is an outgrowth of the region where the two 
margins of the scutellar sheath meet at the node and fuse, it then grows upward in 
the form of a tongue (Fig. 32). Its function is cvidtuitly protection of the shoot 
a|)ex as it c losely tits in to the space left open by the receding margins of the scutel- 
lar sheath (Figs, 2, 3 and 33). 

R(X)t tneriste.m, — The primary root primordium begins to organize after the 
initiation of the first leaf primordium (Figs. 10, 11). The region going to form the 
primary root becomes ch^nsoly stained. The root terminates in a growing point 
covered by a distinct root cup. The root apt>x exliibits four distinct histogens like 
that of a typi(;al monocotyledmious plant. At the apex of the root the plerome 
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and calyptrogen are sharply deliiied, and ther <3 is an intermediate layer between 
them which is one cell layer in thit^kness. The lateral members of this int<3rniediate 
zone divide peri(*linally, and the deriv'atives of the inner cells fimetion as a poriblem 
producing cortical tissue, while the outer daughter cells become the dermatogen 
and form the epiblema. Tlius the outstanding (‘haract^Tistic of the root cap is its 
independence in origin and structure. It also shows that tlio origin of the vascular 
system in the root is independent of that of the shoot (Fig. 3d). 

( oleorhiza . — Th(> coleorhiza or the root-sheath is developed from the basal 
region of the proembryo. It is a soliil mass of parenebyma. continuous with that 
of scutellum and is not distinguished before the primordium of tlie primary root is 
differentia ted (Fig. 11). In this res])ect it can he compared with the origin of the 
lateral roots in the pericycle and its suhsecjuent burrowing ilirough tlu‘ i^ortex whicfi 
forms a sheath around the developing root. The coleorhiza grows partly by coll 
elongation but mostly by diffusial cell divisions. The eoleorhizal parenebyma 
cannot be distingui.shed from that of th<^ scutellum. No vascnilar bundles are 
fornual in this part of the embryo. 

V Hit ml Scale . — The bulge which is seen in the distal end of the scutellum (Fig. 
ll/>») at a latea* stage of eT)il)ryo developnuait projea ts ovau* tla^ di^pressjon in tlu^ 
form of a beak w})i( h overliangs the mouth of the cavity outside th(^ pair of auricles 
(Fig. 3<^). It is wholly ]>areuch ymatous without any vascular tissue. 

Auricles . — A pair of extra prot(‘ctive structun^s, internal to the <‘pihlast and 
ventral scale, arc found to originate ventrally by the splittitig of the Siuiddlar 
margins, designated in this ])af)(a' as ‘auricles’ (Figs. 34). Thcs(*. <U‘V('lop 

quite later in the developing embryo (Figs. irw/-15c), hecomf^ very much thickenerl 
at the upper i'egi(-)ns and (‘omplet(4y till the space outsider the colooj)tilo and the 
gap between the opihlast and the vamtral seale. 

(iii) A )i(itomy 

In transveT'sc sections ila* meso(‘otyl shows two imh^pendent groups of vascular 
tissues almost throughout its length, the stele proper and what has been described 
by Avery in oats and wlieat as ‘e(a‘tical bundle’ (Fig. 17). Their independent 
course could very well be seen in cleared inesocotyl and they could be (‘.a.sily se])a.rau^d 
with a pair of needles. Tlie stele and the cortical bundle have each a sheath one 
layer in thickness which sliows 0-iypc wall thickening wluai old. This may bo 
regarded analogous to the endodermis of roots. (General oricaitation of the xylem 
elements in the steh? are both rout-like and transitional, but the seutellar bundle 
and the median of the first foliage loaf arc endarch. Piili, which is present, is made 
lip of thick-walled cells. Both tracheids and vessels are found in the cortical and 
the stelar bundles. Tw(3 big inetaxylem vessels are placed opposite in the stele a-nd 
the first pair of adventitious roots originate against these two vessels (Fig. 19). 

The mcsocotyl elongates acropetally by means of an intercalary meristom 
which always remains at the base of the coleoptile (Fig. 3). In this matter th(3 
inesocotyl differs from the epicotylary internodes, whicli elongate as a result of tlie 
activity of intercalary meristems near their base rather than at their top. The 
seutellar (cortical) bundle in the seedling axis extends upward jiarallel to, but does 
not become part of the stele until it almost reaches the level of divergence of the 
coleoptile (Figs. 17-29), The origin and elongation of the mcsocotyl is shown 
diagrammatically in Figs. 13 and 14. 

A little below the level of divergence of the coleoptile the seutellar bundle 
comes out of the stele. Its differentiation in the stele is acropiital. Immediately 
after leaving the stele it gives out two branches which extend first laterally and 
flien upward into the coleoptile as its traces (Figs. 21-25), but while still within 
the stele and before leaving the same it sends three branches, one to form the median 
of the second foliage leaf and the other two to form the laterals of the first leaf of 
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the plumule. The soutellar bundle is, therefore, responsible while still in the stele 
for the supply of two laterals to the first and the median of the second leaf primordia 
(^f the plumule. 

The coh^optile is striK^urally very simple being largely parenchymatous with 
only small inter((*lhilar spaces. As we have mentioned before, its bundles are two 
in nurnlxir arid they remain unbranched. Each bundle contains many xylem 
groups and a cojisiderable amount of phkK^m tissue, and is surmounted by a thick- 
walled cap on its dorsal surface. A bud may be present in the axil of the eoleoptile. 

4. DisrussioN and Conclusion 

11ie mature embryo is the exact replica of the adult plant (vegetative) on a 
miniature scale. Its different parts should, therefore, correspond witli the vegeta- 
tiv(‘ ]»artH of the adult plant into which it will develop. As a matter of fac't the 
vegetative hud lias been descrilxHl by Bower (1935) as an embryonic ]dant. If any 
ef its [larts cannot be homologized with a corresponding part of the adult body 
then that part should bo regarded as sni In interpreting, therefore, the 

parts of the rice embryo lh(‘ eorrespfUKling members of the adult body have been 
taken into consideration. 

77/c Plnmnb\ — The plumule is the vegetative shoot apex of the embryo. In 
the stru(;turo of its api(;al nifuistem and the number of leaf primordia it resembles 
the shoot apex of ilu5 adult plant (Saha, 1954). 

Scniellnrn. — The scutellum has been identified with the cotyledon by a majority 
of worker’s on grass embryogony. 1'he cotyledonary nature of the scutellum, with 
the eol<M)ptile as its ligule, is liased (»n evidence aiforded by its relation to the 
( tnbryonie axis, its origin, vascular system and its abundant parenchyma. 

Hosults of the developmental studies described and rojioiled in the foregoing 
pages on the ernhryogcuiy of rice plant show that the cotyledon is vertical and the 
shoot ape^x lateral on it. The [Xisition of the cotyledon is, tlierefon^, terminal on 
tlie differentiating embryo so far as the free limb of the organ is considered. 

In the early stages of development the proeinbryo can be divided longitudi- 
nally into a dorsal and a ventral half on cytohistological basis and staining reactions 
of its cells. The dorsal half by diffuse cell diviskais grows into a continuous struc- 
ture which is distinguished and differentiated later into the dorsal side of the 
scutellum (in contact with the endosperm) and of the eoleorhiza (free from the 
en<losperm) indicating thereby that the tAvo organs of the mature embryo are parts 
of one and the same structure. The scutellum envelops the plumule, and the 
( oleorhiza, tlie radicle, when it is differentiated. The ventral half of the proembryo 
sliows more activity and soon the eoleoptile, shoot apex and the epiblast are 
initiated. The scutellum has epithelial layer and epithelial glands though Young 
(1938) reports absence of the latter in his material. The coleorhiza not being in 
contact with endosperm does not develop the epithelial layer. 

Like an adult leaf the scutellum consists of two major parts, namely, a sheath 
and a limb. Both the scutellar sheath and the leaf sheath are open on the far side. 
Therefore, Avhen the scutellum and an adult leaf are compared the two appear 
homologous. 

The growing point or the shoot apex is organized at the side of the proembryo 
simultaneously with the initiation of the eoleoptile. It soon assumes the form of a 
mound, the apical dome, with a single layer of tunica enclosing a corpus. The 
first leaf of the plumule is initiated simultaneously with the organization of the 
radicle apex. 

Coleoptile. — Both Avery Jr., Boyd and Avery Jr. and McCall regard the eole- 
optile as a leaf, second or third, of the embryonic plant. Their main arguments 
for regarding it as an independent leaf are: it originates from a node; it is supplied 
with vascular tissues from the axial stele as in the case of the plumular leaves; 



ORYZA SATIVA L. AND THE HOMOLOOTES OF ITS PARTS 


95 


buds develop in its axil and root primordia (adventitious) originate* a little abovc^ 
the coleoptilar diversion. Young supports them in full. 

Celakovsky, Sargant and Arber and others, however, think that the origin oi 
the coleoptile on the same side of the axis as the seutellum (against the distichous 
arrangement of leaves on the adult axis), supply of vascular tissues directly from 
the seutellar trace outside the stele and their number, are against the leaf-nature of’ 
the coleoptile. The primordium of the coleoptile with its vascularization does not 
grow like that of a leaf. 

The adventitious roots in maize and other grass seedlings originate from the 
base of the upjxu’ internode which forms the upper part of th(' node below (Sharman, 
1942). In rice seedlingvS, their origin is from the base of the upper internode, so it 
cannot be taken as evidence for regarding the coleoptile as a h?af. 

The presence of buds in the axil of the coleoptile is not difficult to explain 
without any reference to the leaf-nature of the organ. Sharman (1942) has shown 
that in maize the bud, seen in the axil of a leaf, really l)elongs t(^ the upptT leal’. 
The leaf primordium takes its oi igin on one side of the axis and gradually extends 
tangentially along the side of the latter, and where the two wings meet on the 
opp(3site side of the axis a vegetative bud differentiates in the outer layers of th<^ 
corpus (origin axial and not foliar). This has been confirmed by Hsii (1944) in 
SiyiocAiUimns Beecheyava and by Saha (1954) in rice plant. In adult plant this bud 
appears eauline above the scar of the leaf when the latter is removed. Therefor(\ 
the bud, seen in the axil of tlie coleoptile, really belongs to the first leaf of tlu**. 
plumule. 

Position of the coleoptile is axillary to the free limb of the seutellum and the 
bundles are only two, but if a leaf its origin should have been on the opposite side 
of the seutellum and the number of the bundles at least throe in the early stage oi’ 
development. The coleoptile bundles again do not come directly from the stole) as 
reported by McCall in wheat, but they come from the scaitollar trace outside the 
stele as its branches, showing thereby that the coleoptile, like the stipiilar portion 
of the ligule of adult leaves, is a part (outgrowth) of the Hcutelliim. 

(iloebel (1905) thinks that 'the coleoptile is an outgrowth of the seutellum and 
it corresponds to the cotylar sheath of other monocotyledonous plants’ (p. 418). 
He illustrates his point by drawing an example from an immature embryo of Hot - 
denni hexasticMun (Fig. 262, p. 418), where the coleoptile is compared to the axillary 
stipule. He further shows that the emVjryo of Zizania aquaiim, which resembles 
that of Oryza saliva, the coleoptile is a eotylary sheath. 

Hanstein (1870), however, reported that in Brachypodinm during its (colcop- 
tile) formation a projection is formed between the seutellum and the growing point. 
He also noticed another similar projection on the other side. From this McCall 
suggested that the coleoptile might be derived from two leaves. Avery Jr., on the 
other hand, could trace the origin of the coleoptile in wheat to ‘the meristomatic 
ring of cells on the lateral face of the embryonic mass of tissue which later differen- 
tiates into the seutellum. This ring of meristematic colls develops into the 
coleoptile'. Percival found that in the sequence of appearance the coleoptile 
appears next to the seutellum in the form of a ring during the development of the 
grass embryo. Soueges noted its development as a part of the seutellum. Coebel 
compares it with the axillary stipules of Caliha paluslris. 

The coleoptile of rice embryo is formed from the general region of the pro- 
embryo which also gives rise to the seutellum even before or simultaneously with 
the organziation of the apical meristem. This indicates a closer relationship be- 
twee;i the seutellum and the coleoptile. Devolopmentally it differs from the leaf 
which initiates after the apical meristem is organized. 

Avery Jr. argues that if the coleoptile is a part of the cotyledon it should not 
have been borne at two different levels. We have already seen that the mesocotyl, 
which is absent in the embryo, develops only under certain conditions during 
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^prrniiiatioa. In tho embryo t)ic colooptile is directly connected with the soutelliim. 
Therefore, its }>reseree, noticed for the first time in the seedling, cannot bo an argu- 
ment aguinst regarding the coleoptile as a part of the scutellum. 

I’he eolcojitiii' is an outgrowth at the base of the sheath where its primary 
function is to allbrd protection to the delicate cpicotylar shoot. Both organo- 
genically and finictioimlly the coleoptile is, therefore, a stipuledike structure. Our 
studi(‘s, therefore, sufiport Ooebel who has described the coleoptile as the cotylar 
slKNitli ’ ei^uividcnt to axillary Htipule.s (p. 418). 

Mfs/fcofffl. — ("Vlakovsky, Van Tieghcm, Ooebel and others consider mcsocotyl 
iiH an ejongat<*<l node: M<‘Call eonsiders it to be made up of two internodes and 
Avery dr. and Jioyd and Avery Jr. consider it a single internode between tlie cole- 
optile and the sentelhini. Sargant and Arber regard it as the product of fusion 
of th(‘ cotyk^doii stalk and hypocotyl, scutellum being regarded as the cotyledon. 

McCall’s inlerpretation has b(‘en criticized by Boyd and Avery Jr. (19116). 
We- liav(^ also shown from evidences j)roduccd after I9J6 (Sharman tt al.) 
that th(‘ origin of root primordia and axillary buds could be adequatel}" 
explained without any referc^nee to the origin and position of the coleoptile. 
Moieov(‘r, th(5 nw‘soeotyl shows (piito a uniform mantle of cortical tissue through 
which ))asses the imslian hundk^ of the scutellum (cortical bundle) and the pres^uice 
of pitli in the stele of the rn(^s()eotyl is also signilicuint. 

Mitia and Majuindar (lOo^) have recently revived the ‘ maiitle-corc’ theory 
of Hofmeister (ISol) ngarding th(‘ composition of an internode. The mantle 
is made up ot the leaf bas(‘ o!‘ bases (cortex) whieli enclose a core free from vascular 
tissues (ynth) with an c‘Xc<'[)tion at the nodal jJexus. In monocotyledons, parti- 
(‘ularly in tlu^ gl asses, tlu' wlioU^ of the internode is made up of the lower half of the 
disc of leaf- insertion (‘iiclosing a core (may be hollow) which does not, perluips, 
l)ek)ng to tli(^ leaf. Shaianan lias shown this to be the casi^ in Zra tuaffs though he 
does not sj)eeilically mention the (‘xistenee of a core apart from the disc of insertion 
ihc lower half of wliich (dongates into the iriternode below the divwgeme of the 
l(‘af. Tla^ (‘xist(‘n(‘(? of a (‘oro has been noti(‘ed in rice stem (Saha, 1954). At the 
node th(> trace bundles of the immediate l(‘af and those of leaves higher up in the 
axis anastomose in diirer(*nt degrees and form liorizontal plates in the nodal region 
which is ratluT vertically thick (leaf cushion). But McCall’s nodes are incorn- 
[)let<dy locali/cHl in the r(\gions where the scutellar trace bends and so})arates from 
the steles and resolves into component parts (McCall’s first node), and also Avhere 
th(‘ coleoptilar tracers branch off to the |HTiphery and the central region enters the 
stele (MeC’all’s .sece)nd node). On the above grounds the present author feels that 
Mr('aU\s hro-hitmtodv th(‘on/ cannot he f^n.stained. 

Boyd and Avery’s one internode theory is the reiteration of tlie theory pro- 
pt)iinded by iX' Bury (1884), Coulter (1915) and Weatherwax (1923) amongst (Others. 
The whole theory is based on the assumption that the coleoptile is an independent 
leaf. If we have been able to prove that the coleoptile is an outgrowth of the 
scuU'lliim at the base of the sheath, the theory falls through. 

Could inesoc'utyl then bo interpreted as an elongated node as suggested by 
Van Tieghem (1872), Oelakovsky (1897), (loebel (1905), Worsdell (1916) and 
Bugnon (1921. 1924) (* Sharman has shown that the primordium of a loaf is inserted 
]U)t at one Itjvel but iji tlie form of a disc, called the disc of insertion, equivalent 
to leaf eushioii or the Ibliar foundation, i.e. mnbas,seme?U Joliares of Gregoire (1935) 
and Louis (1935). The node is vertically a wider region than a mere level. In the 
ease of Zeu naufs, as mentioned before, Sharman sliowed that the node is a com- 
jHxsite stru(4ure made up of the base of the upper internode and tlie upper half of 
the disc of insertion. In maize, wheat, oats and rice embryo this ncxle remains 
undisturbed, and the coleoptile and the free limb of the scutellum diverge from this 
node as does an adult leaf from a node. The lower half of the disc of insertion of 
the scutellum elongates into the internode (mesocotyl) below, the base of which 
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with the upper region of the radicle forms the so-eallcd scmtcllar plate. We have 
already mentioned bidore that the interiKnle is a dual structure made up of a 
mantle (leaf-base) and a core (axis). Therefore, the mesoeotyl should be regarded 
as the eloiHjaicd hirer half of the diAc of i)h<iertiori of the ncidellum irhieh ejiclmes a 
central core trhich may he reyarded the u.m. This niay he considered a.^ the hyjiocoiyl 
which according to the modern conception is made up of the bas(^ of the cotyledon 
and the enclosed axis. The suggestion of Sargant and Arber is partially correct 
if the true nature of the hypocotyl, as suggested here, is acce{)tod. 

The elongation of the mesoeotyl depends on the presence of a transverse mcri- 
stem across it. Its position is somewhat dilTercnt iu wh(M)i. oats, maize and rice. 
In Arena and Oryza it is located just below the seutellar trace divaa-sion, in Zea just 
below the coleoptilar trace diversion and in rriticinn it o('curs just below the cole- 
optilar node. Therefore, a meristem which is located at different regions of the 
mesoeotyl in diflerent plants cannot be given any ]>hvlogeneti(*- consideration. Its 
function is purely a biological one. It is more so when the* pattern of organization 
of the embryonic parts is the same in all the four cereals consid(‘red here. 

Mc(^all lias studied the structure of the mesoeotyl in detail. It is (piite in 
accord with the theory outlined aliove. dust abovc^ tlu' seutellar plate (at tlu^ ba8<^ 
of the mesoeotyl) wh(‘re the transition between roi)t and stem takes place, two 
collateral cndarch bundles facing each other in the axial cyliiuha’ are noticed. 
One of them goes to supply the first plumular leaf as its median buiulle, and th(^ 
other goes to supply the scutellum, the coleoptih> recHUving its vascular supply from 
the seutellar trace outside the stele. This also shows that th(^ scutellum and the 
first plumular leaf arc^ the two successive h^avt's on the embryonic axis, and th(^ 
coleoptile a part of the former. Other bundles of the stiOe do not show n^gular 
arrangement as they are all synthetic bundles made up of trace bundles of leaves 
high(‘i* up in the axis. They unite irregularly and slunv irregular disposition of 
xyl(‘m and phloem elements and have been mistaken for transition bundles. 

Anrieles, — The [lair of structures described in this paper as ‘aurick^s' are not 
found in other grass embryos. They originate by the splitting of the margins of 
the seutellar sheath which (‘xtends almost to its base, d'hey deva^lop enormously 
so as to c()V(‘T* all the space between the coleoptile and the ventral scale and the 
(‘piblast. 

In adult leaf wt also find the leaf sheath splitting to giv(i ris(^ to the dorsal 
‘sickles’ and to the margins of the composite ventral ligule ((ioebel, 1905; Philipson, 
19115; Heu'tor, 1930; Saha, 1952). In the rice embryo the dorsal portions of the 
split margins do not develop into a pair of sickles but disapj)ear above their origin. 

' Bruns also noticed this pair of striK^tures in the embryo of Onjza^ and des- 
cribed them as ‘marginal outgrowths of scutellum’ ((Ioebel, ii, p. 417, Fig. 281, V) 
But Young’s figures do not show tlu^m as separates structures apart from the ventral 
scale. In the mature embryo the auricles touch the ceiling of the overhanging 
ventral scale and appear in sections as if they have just separated from it. This 
fact perhaps led Young to regard them as parts of the ventral scale. Transverse 
sections through this region would have settled the [)oint of their separate cirigin. 

Ventral Scale . — Avery describes this structure as the ligule, but our present 
studies do not support his interpretation. Though tlie ventral scale and the epj- 
blast have always been found associated together (Avery, 1939), their true morpho- 
logical nature is rather difficult to suggest unless they are regarded as opportunist 
outgrowths of the same organ, the scutellum, as held in this paper on the results of 
developmental studies. Its comparatively late origin supports this view. 

Epihlast . — The epiblast is a controversial structure. There is no structure 
corresponding to this in the adult plant. The epiblast, whenever present, has been 
identified either with the first leaf of the embryo, or regarded as the vestigial second 
cotyledon or an appendage without any morphological value, or a part of 
the cotylary ligule. 
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It cannot bo the first leaf, i.o. the vestigial cotyledon (by the suppression of 
which monocotyledony In huppoHcd to have evolved). It lacks vascular ti.ssue, 
which is not present oven as a relic. It is not universiilly present in grasses. It is 
situated l>olow the Iev(*l of the scutellar divergence and its initiation takes place 
(|uite earlier. 

The prescait studies show that the epiblast is an outgrowth of the region where 
two margins of tlu' scuUillar sheath rne^^t on the opposite side of the axis. The 
sheath, like th(‘ leaf-sheath of an adult leaf, is open at the anterior .side and the 
epiblast entirely ‘lills the lower portion of the gap left ofxui on the outer side of the 
receding sentellar sheath’. Its upward gn)wth is maintained by an apical meristem 
which organizes at the tim(i the eoleoptile is initiated. 

Tluacfore, the ventral scale and the epiblast are both outgrowths of the scutel- 
hm), one of the frei* limb and the other of the scutellar sheath at the scutellar node. 

('nb'orhlzftr The coleorhiza is the direct downward continuation of the scutel- 
hun. A node, th<^ s(;uUdlar nod(‘, is organized in th(‘ ventral half of the proembryo 
at the f)as(' of the growing point. Simultaneously wdth the initiation of the first 
|:>luTnular leaf tlie root apex is organized below the nodal region and it frees itself 
iVorn the lo\v(‘r half ol‘ the procmihryo in the manner a root let primordiuin is organized 
in the primary root, and tluui pierces or burrows through the lower end of the 
f)roenihryo which appears lik(^ a .sheath enclosing the radicle as the overlying cortex 
does in the ease of an adventiti<jus or secondary root primordium. The root cap is 
al.so organized from this tissue. 


5. Evidence from otjieh Sources 

Ooehel (ii, })[). 410-418) states that the hypogeous cotyledon of grasses com- 
pri8(\s thr(‘e n^gions, namely, the haustorium, the middle portion and the sheath. 
"I’his h(^ illustrates in tlie germinating .seedlings of T n id e scant in vrrginica (Fig. 273, 
p|). 410-411), Thes(^ three regions of the cotyledon arc wa41 differentiated in the 
seedlings of Palm and (Vunmelina. The sainc three regions arc noticed in the 
g(‘rminating .se(‘dlings of Carex, ('y penis (ilternifolius and Scirpns locnstris ((ioebel, 
P'igs. 273, 27“), 277). As in the embryos of maize, oats, wheat and rice the haus- 
torial organ (sc utellum) sucks the food stored in the eudosperni, the middle portion 
(mesocotvl) conducts the absorbed food to the growing points, and the conical 
sheath affords protection to the plumule during its passage through the overlying 
layers of soil. The scutollum, eoleoptile and the mo.socotyl exactly correspond to 
the three regions of the hypogeous cotyledon, both in position and function, cited 
by (Joebel. Only the dual nature of the mesocotyl, scutellar base surrounding the 
axial core — hypucotyl, is suggested in this paper. 


6. Summary 

KomologiOH of (lifTorout part.s of t)ie rico omhryo havo been worked out. The srxiteUum in 
the cotyledon, and tht> colcoptHv represiMits the axillary stipule. The rnesorMyl^ which is absent 
in the embryo })ut develops from a /.one of meristem during germination, is the biiso or .stalk of 
the scutellurn enclosing the axis. It may bo regarded as equivalent to the hypocotyl of otlier 
embryos and the use of the term mesocotyl should be continued. 

The ventral scale and the epiblast are outgrowths (opportunist growths) of the scutellar 
tissiie, the former of its free liinh and the latter of the bisod margins of it.s sheath. The auricles, 
which art) present only in the rieo orahryo, represent the two margins of the ligule of adult leaves. 
The three together afford extra protet^ion to the phmiule while passing through unfavourable 
environment during germination. 

The coleorhiza seems to l)e the lower ptirt of the scutellurn and the scutellar node is a rnis* 
nomer iK'cause it is really the root-stern transition plate. 
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0. Exfi.ANATroN ofFkutres* 

'Pexl -ligiireH Imve been drawii under a camera liicida Photomicrographs liave been taken 
only of the salient Htages in tla* development and growth of the embryo and seedling wlicrevt r 
t hougiit nc*cessary. 

Ahhrfnuftiion/* itsrd. -.1 r. — auri(’le ; .l./j*/. ml Vfud it ions root; C. — cor|:>iiH; C\U . — cortical 

bundle; coleo] d ilar bundle; <\l. eor|»us initials; d. — (‘ol(‘Of)tile ; Co. cortex: Cz. - 

coleorlu/.a ; Eh. tunluyo; E<l . <‘r»do.sf ktoi ; Y’!,’/). - < pibla.sl ; Y'Y.fy.— <*]athclial layer; E.G . — 
efathelial gland; G./\- growing f)f>inl ; /..V/. - intiTcalarj' meristem; Y/j, Lo^ — Kio lateral 
trae(‘s to tlm tirst plumular leaf; //j, first , second and third plumular leav<\s; >5/. — 

mesocotyl; 3/j, A/.^, A/;j-~median traces to tla‘ first., second and tliird plumular leaves ; Al.Ui , — 
advtuit it iouH root front mcso<‘ot.v I ; P. |alh; Y^/o— proem br^'o ; J*.P. — primary root; P.P.S. - 
jtrimtiry root stcdc; /Gf. -root cap; E.G.- rice grain; Pb-- root primordium; S. — siispeiisor; 
S.L.- s< \itellar limb; S.A'. s<'ut<‘llar node; St. steh-; S’.7\ - siaittdlar trace; aS’.S’.-' scut(.*llar 
slaaith; S.Z. sefairation /orn'; T. tuniia; 7’./.-- tunica initials; W — \"('.s.sel; V.S . — ventral 
Hcal<', 

(1'r:.\T-Fros. l~I4) 

Fkj. I, Mediati longisect ion parallel to widt'r surface of the mature' grain showing tb(> size 
and position of t In* embryo in relation (o (‘inJospt'rm. > 2o. 

I''’i(is. 2, .3. Mt*(lian |ongise<'t ions ofertibryns from grain.s .soakt'd in watt'r for 24 and 48 lionis. 

• 75. 

!<3<J. 4. Kie«* set'dlings grown from .s«a‘ds [)laet‘<l at difft‘rent deptlis of soil: Figs. 4r/, 4f> and 
4r are n‘Hp<*e( ivt'ly from surfaet* level, tbree-fourtlis of an inch and one and a half 
inclu's dc(‘p, ■ I . 

Fiu. 5. Proembryo at eigld -celled stagj* with two-celled sn.spensor. >: 800. 

(5 8. J^ongi.st'ct ions of the ftroembryo at sucees.sive stages of ch*vcloj)ment ; Figs. 7 and 8 
show itulicJitions of its early ditTerentiation into a dorsal and vt'ntrtd region. 

- 800. 

Fm, 0. Outline diagram of young embryo (I..s.) .showing coleoptile, growing point, and epi- 
blust. X 1 25. 

Fm. lO. Same at a later stage. > 75. 

Fins, llrt, b. Suee(\ssiv(' l.s. of th(' tunbryo indieating <levelopment of lateral and median por- 
tions i>f th(' coltX)]>t ile, ' 75. 

Fj(i. I2. Median l.s. of the growing point of a matur<' emViryo; note the uniseriate tunica and a 
massive corpus. • 1 020. 

Fi< 48. I3<t, h. Diagrammalie representations showing development of the mesocotyl from the 
intorealary meristem (after Young). 

Fm. 1 4. Reconstruetion of a portion of the .seedling to show vascular supply to tlie sciitollum, 
colcofitile and rn»\socofyl. 


(Tkxt-fios. 15-25) 


Fms. 15u-c. Serial longitudinal, and 

Fins. 16u-/. Transverse sections of mature embryo showing tho origin of the pair of auricles 
aud the epiblast. > 75, 

Figs. 17- 25, Serial tran.sections tliroiigh the mesocotyl at u-rz, 6-6 and c-c of Fig. 14. X 25, 


* The magnification noted against each of tho figures has been reduced to almost half its 
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Plate XVK (pHOTOMiciM)aRAPHs) 

(Figs. 26 -:U) 

Fia. 20, Proembryo at qiia<h*ant istagewith two-eoJled .suspeufior. * 72(b 

Fio. 27. L.S. of the elongated prooinbryo sJiowing dovelopna'iit of coItuipUle luid growing 
point on its ventral aide, a b‘.l2. 

Fio. 28. Median I.s. of embryo show’ing difTorentiation of the vtaitral n'gion to give riae to the 
eoleoptile, growing point and i^piblast ; (Ih^ dor.sal region lian vacuolatoil cell«. 
X416. 

Fio. 21). T.8. througli growing point showing eneireling of the vi‘getali\e axis by llie Heutellum. 

X412. 

Fio. 30. Median l.a. of the mature embryo showing (Epithelial glands and zonation of the apieal 
meristern of the primary root. x Oa. 

Fio. 31. Median I.s. of the same showing the «'\1 ra-prol«‘el ion of the jihimule afforded by the 
ventral scale, auricles and the (^piblast. ' ha. 

Fio. 32. Median I.s. of the mature embryo showing auricle and i‘jhblasl . x 1 15. 

Figs. 33, 34. T.S. of tlie mature embryo showing the (‘jiiblast (Fig. 33) and t he pair of auricles 
(Fig. 34). Xl30. 


Issued Febriifuy 12, 1957 . 
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Intkoduction 

Pr(‘,vi()U8 results from this iah(»ratojy (Sircar, 1948; Sircar and Parija, 1949; 
Sircar and Gliorih, 1954) indicate that the relation of germination temperature 
ol rice and suhsoquent photuperiodic exposure is by no means simple. High tem- 
perature germination of summer varieties is conducive to earlinoss while winter 
varieties appeared to be temperature neutral (i.e. no elfect of temperature on 
acceleration). 

As l egai’ds the photopiMiodic behaviour the main shoots of the winter varieties 
are very sensitive to shoi t days but for the summer varieties short days have retarding 
(‘Heel and even annul the high temperature acceleration. The eflect of low tem- 
peratme is enhamted tiller production in winter varieties and subsequent short 
photopiu iods induce earliness in the main shoot as well as in the tilk^i's indicating 
tlu) inlluence of low temperaturi^ at some stage of the development of the so-called 
tenqierature neutral winter varieties. 

In rye an extremely interesting picture has been presented by Purvis and 
Gi'egor)' (1952) and Friend and Gregory (195.‘1). The optimum temjx'rature of verna- 
lization of winter rye is about 2'^-4' C. and with increase^ of duration vernalization eflect 
not only iiuat^ases but also it becomes stable (i.e. not to be easily devernalized at 
higher temperature). Friend and Gregory have shown further that higher tem- 
peratun^ which is generally used for devernaUzation does accelerate llowering when it 
is ajjplied for long duration after treating the seeds with Ioav temperature. 

Thus a coiisidoration of the phenomenon of vernalization and de vernalizat ion of 
rye seeds emphasizes the desirability of a critical study of the temperature relations 
of rice se(*ds. Furtlier to establish the relation between vernalization and photo- 
periodism in rice an extensive survey of the conditions using a wide range of t em- 
peratures and short day length is required, in the present investigation the problem 
has bc(ui approached by using a combination of different temperatures of germination 
and day length. 

The effect of field temperature on llowering of a winter variety has also been 
studied for w'hich sowing dates in summer and winter were used. These results 
are also discussed in the light of the scheme suggested by Purvis and Gregory for 
llowering in rye. 

Materials and Methods 

This work was carried out with rice var. Rapsail (winter variety) and Dhairal 
(summer variety) supplied by the State Agricultural Research Station, Chinsura, 
West Bengal. vSummer varieties arc normally sown in April-May and harvested in 
August-»8optember of the same year, while w inter varieties are sown in seed beds in 
June, transplanted in July and harvested in the following December- January, 
The method of vernalization used is essentially the same as that described by Purvis 
and Gregory (1952). The air dry grains of rice were treated with Spergon (tetra- 
ehloroparabenzoquinol) to prevent attacks of micro-organism and soaked in sterilized 
distilled w atei* for 24 hours. Then they w^ero transferred to sterilized Petri dishes 
and sprouted for 24 hours at 25°-26‘^C. in darkness. During subsequent treatment 
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the dishes were kept at temperatures 1^-2°C., 12‘^C., 25°-26^C., 30®-3l'^(X and 37®C. 
Constant water content {50% of the oven dry weight of the seed) of the sprouted 
grain was maintained by adding sterilized water at regular intervals. At the cud 
of the temperature treatment all the treated seeds in Petri dishes kt^pt at 

26‘^C. for 24 hours for further sprouting. The better sprouted seeds were sown in 
pots containing well manured garden soil. The steeds of the control sels were also 
soaked for 24 hours and then allowed to germiiiaie at 2(f'C. for 1 day before sowing. 
The dates for commencing the treatments were so adjusted that all tlio treatments 
had the same sowing date and same environmental conditions during the growing 
period. 

For photoperiodie treatment plants were groAvn under 8 hour short days from 
8 a.m. to 4 p.m. after having natural day length above 13 hours for 53 days. The 
short day treatment was continued for four weeks and the plants werc^ exposid to 
natural day length until flowering. During short day treatment the pots were 
transferred daily to a well ventilatcMl dark rot)m from 4 p.m. to 8 a.m. 

Scoriiifj Method : 

During the growing period the deiaiknl mor])Ii()l()gical changes of shoot apices 
were examined under Zeiss Sterio Binocular Micro8coj)o at regular intervals. During 



Fio. 1. Stage.s of the development of the shoot apex of rico var. RupsaiL Numbers denote 
the ‘score*. 

For explanation see the text and Table 1. vSeores Nos. I to 16 — magnification x20. 
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the veg^jtativc* giowtii (iisse.ctious were performed twice a week but after the floral 
iiiitiatioH disHcctiorm of an average of 20 plants were made daily. To study the 
subH(i(iucui (•hang<‘s of tin? sleiot apex during its transitiou from vegetative grow th to 
flowering, the dilienait stag(^s of development have been carefully examintHi, ineasurtxl 
and st udied in sev(*rai (mui volitional units (seores). Under short day condition the rice 
plant afUii' initiation of floral primordia requires approximately 22-2o days for the 
emergeiH f* of llowi^r. Accordingly the stages of dcvclojmient of the shoot apex were 
dividcil into 2o units (»f scores (Figs, i and 2 and Table i) and they were arranged 
in su(th a nuum(;r that (jach score presumably represents the daily change in the 
d(jv<*lopnicnt of the shoot apex. 



Flic 2. Suigos ()!’ tli »3 dinclopinout ot (ho shoot lipox of rieo var. Rup,saiL Numbers doaoto 

tho ‘scoro’. 

For oxpUiajiti<»u sc'o tlio text and Table 1. 

Seeres Nos. lt)-LS 
Scori's Nos. 11 )- 2 U 
Scoii's .\os. 21-22 

JSct>res Nos. 21 {a) and 22 (a) 


Experiment 1 

Vernalization and de vernalization of a winitr variety Riipsail 

This experiment was arranged to study the elfect of different temperatures 
during germination on growdh nind flowermg of a winter variety. Tho scheme 
of the treatment of the germinating grains was as follows: — 

(1) Continuous high or low temperature for different durations. 

(2) Alternate periods of high and low temperatures for varying durations. 

(3) Interposition of high or low temperature for a short duration in between 

two periods of low^ or high temperature for a longer duration. 

Tho experiment w as started on May 15, and seeds sown on June 15, 1954, in 
earthenware pots. Flowering was iissessed by the date of eai* emergence and score 
number. From the results presented in Table 2, the following facts are noticed. 


magjiific-at ion 10. 
magnilicut ion 5. 
magnilication 1 . 
magnifioulion X o. 
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Tablk 1 

Morphological cJtanges in the shoot apex of rice mriety Rupsail 


Size in mm. 


Vegetatwe stage 

Vegetative shoot apex enclosed by hood-shape<i loaf 
Flowering stages 

Sh<x)t apex with globular protrusion (flower primordia) 
from one side of it 

Shoot apex having two protrusions on both sides 
Protrusion on all sides 

Elongation of the apex with primary protrusion 
Incretvse in length and breadth of primary protrusion 
Transition from primary protrusion to a number of spike - 
lots associated with inajiy hair-like atruetures 
Elongation and further tlitferontiation of the stage 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Establislmiont of the shape of oar, oar st ill stiff 

Increase in the length of ear, associated with grand period 
of extension growth of stem 

Individual flower appears at the tij) with glumes, grarul 
period of extension growth 

DifTorentiation of the individual flower from tip to base, 
accompanied by t he olongat ion of the spike, grand period 


of oxtenaion growth 


Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Grand period of elongation of oar, car limp 
Do. Do. 

Emergence of t he spik(^s from the flag leaf 
An thesis 
l^ast anthesis 


0-2 

0-2 

0-5 

0(1 


0*8 

0-0 

1*0 

M 

1*0 

2*0 

2*4 

30 


4-0 


5-2 

6*0 

7*0 

13-5 

20-0 

82-0 

1000 

1710 


Score 


I 


W 

4 

T) 

0 

7 

8 
0 
10 
11 
12 

13 

14 

15 


10 

17 

18 

19 

20 
21 
22 

23 

24 

25 


A continuous high temperature of germination (30®-31®C. and 37®C.) for 
varying durations up to 4 weeks has no direct elTect on the acceleration of flower 
primordia over the control. These higher temperatures on the contrary delay the 
flowering and the delaying effect generally increases with the duration of the treatment 
( Fe and F7). Again from the Table it is evident that the scores of Fj, F2, F3, F4 and 
Fg are less than that of the control. Similarl}^ a,.continiiou8 low temperature (i.e. 
12®C.) has no effect on the acceleration of flowering rather it delays which, however, is 
not statistically significant (Table 2, Fis-Fjo). Effects of presowing alternate 
temperatures show acceleration. Thus the treatments F]7 (2 weeks at 37®C. followed 
by 2 weeks at 12®C.), F19 (1 week at 37®C. and 1 week at 12®C.), and F22 (alternate 
days at 37®C. and 12°C. for 4 weeks) induce earliness. The acceleration of F17 is 
statistically significant. But the delaying effect of alternate temperatures on other 
.treatments can be explained by considering that the duration of temperature is 
important in bringing the acceleration effect. Interposition of a different temperature 
for 4 days in between two periods of a continuous high or low temperature is found 
to have no significant acceleration (F26-"^28)' 
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Table 2 

Effect of presowiny temperature trexxtmenU or^ floral initiation of Kux)8aiL Sowing date 15-6-1954 


Trent monte 


Vt control (eoaked fuid sprouted for 
24 hre. at 20'TJ.) 

Tj, 37^C, for 4 woeka 
kg, for 3 woeke 

F3, 37 ^C. for 2 w(5cke 
F4, 37X\ for I week 
F3, 3(>°-3JHJ. for 4 wooke 
F,j, 30''-31"’C. for 3 wooke 
F7. 30‘^.3P(;. for 2 wo(3kH 
Fh. 30°-3l%t. for 1 wtick 
Fo, 25°-2(FC, for 4 weeks 
l^io» 25“'26 'C. for 3 weeks 
Fji, 25'’-26X\ for 2 weeks 
Fjj, 2r>".26"C. f(»r 1 week 
F13, 12' C. for 4 weeks 
^ 14» 12 for 3 weeks 
V for 2 weeks 
Firt, 12‘^’C. for I wn(*k 
Fi 7, 2 weeks at 37 ’C. followed by 2 
weeks at 1 2*^0. 

V 2 weeks at 12 C. foUowetl by 2 
weeks at 37'TJ. 

10» ^ 'vook at 37''C. fo)It)wed by I 
week at 12‘^‘< ^ 

Fao. I week at I2X\ followed bv I 
week at 37 Xk 

F21, oltornato day at 37°C. followed 
by 1 2^0. for 4 woc^ks . . 

Fo 2» altornat<3 day at 37°C. followed 
by 12^0. for 3 wwks 
F.23, alternate day at 37^0. followa^d 
by 12'’C. for 2 weeks 
F24, alternate day at 37'^C. followed 
by 12‘X>. for 1 week . . 
l' 2r». 1 week at 12‘^C. followed by 4 
tlays at 37^0. followed by I week 
at‘l2X;. 

Foo, I week at 12'’C. followed by 4 
days at 26^0. followed by 1 week 
ai\2X:. 

1 27* ^ week at 37"'C. followed by 4 
days at 12°C. followed by 1 week 
at *37^0. 

F28» I vreek at 26”C. followed by 4 
days at 12‘’C. follow’ed by 1 week 
at 26°C. 


Number of days for 
car omorgonce on the 
main shoot (average 

Score nural>or 
on 140th day 
of sowing 

of 10-14 plants) 

(average 10 
plants) 

150‘5± 1-7 

14 


6 

7 


7 

7 

7 

163-5 1 4- 17 

1 52-6 1 1-2 

12 

7 

. . 

8 

157-6f 1-5 


161-8+1-6 

16 

154-5 ± 1-5 
164-5+1*2 

i() 

I36-U+1-3 

12 

144-0 + 2-4 

12 


16 

147-4+1-2 


152-0+1-1 


153-2+ 1-4 


160-4 + 0-85 

11 

150-4 + 0-85 

14 


Number of 
spike lots per ear 
FertUe/Sterile 

100-2/16-2 


83- 2/9-7 
80-7/10-5 

85-5/12-5 

88-2/7-5 

70- 2/ 14-2 
72-7/17-1 

62-5/19-1 

70-9/1G-2 

08-8/14-3 

76-5/7-5 

79-5/10-6 

75-8/9-5 


75-8/9-5 


Experiment 2 

Effect of soiling lime on the flowering of temperature treated seeds of Rupsail 

The experiment was carried out in winter at the end of normal harvesting 
season of winter rice. It commenced on November 25 and seeds after treatments 
were sown on December 25, 1954, in earthen pots containing well manured garden 

4B 
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soil and exposed to natural day length (short days, varying from 10 lirs. 46 mins, 
and field temperature from 18'^-24®C.). 

The plants from different treatments were dissected on April 21, 1955 (i.e. aftor 
116 days of sowing). The developmental stages of the shoot apex were denoted by 
scores (Table 3). The number of replicates for each treatment has been sliown in 
brackets. Low temperature of the field induced slow growth rate of the plant 
and did not favour grain formation. The number of spikolets per ear was also 
r(3duced. Acceleration of flowering was not recorded, on the contrary delay was 
apparent at high temperature. By troatmonts with alternate temperatures for 3 
weeks (Si^ in Table 3) which caused carhness in the plants sown in normal rice season 
(Table 2, K 22 ) ffio score number was much advanced in comparison to other 
treatments. 


'rABLlS 3 

Effect of sowing time on floral initiation of Rupsail. Date, of sowing on 25^’ 12-1954, after 

different temperature treat vients 


Troatmonts 


Scoro nurnl^or 


S{c), control 
Sly 37^C. for 4 weeks 
^S' 2 , 37°C. for 3 weeks 
S^y 37°0. for I week 
S^y 20”C. for 4 weeks 
iS'r,, 26°C. for 3 weeks 
Sf\y 26‘^C. for 1 week 
>^ 7 , 3° -0*^0. for 4 weeks 
S^y 3°-5X\ for 3 weeks 
3°- 5*^0. for 1 week 

SiQf 2 W(H^ks at 37°C. followed by 2 weeks at 

Sii, 2 weeks at 3°~5°C. followed by 2 weeks at 37®C. 

Si 2 y alternate day at 37''C. followed by 3®“5”C. for 4 weeks 
*V| 3 , alternate day at 37%J. followed by 3^-5‘TL for 3 weeks 


.. 21(18) 

.. 4(10) 

10 ( 10 ) 

17(10) 

Seeds not germinated 
.. 13(0) 

15(10) 

Seeds not germinated 
. . 17 (0) 

10(13) 

.. 3 ( 12 ) 

.. 17(11) 

.. 15(0) 

. . 21 (18) 


Experiment 3 

Relation of short days to presomng temperature treatments of Rupsail. Date of sowing 
15-6-1954 and short day application 7-8-1954 

The significant effect of short days on winter varieties of rice is now a well estab- 
lished fact. The nature of this short day effect on vernalized plants was investigated 
in both winter and summer varieties (Sircar and Ghosh, 1954). Acceleration was 
noticed in the winter variety Ruj^sail by vernalization at 10®C. for 5 days followed 
by short days, whereas high temperature vernalization in the summer varieties 
was annulled by short day exposure. The present investigation was undertaken 
to ascertain further the effect of short photoperiods after treating the seeds with 
different temperatures for varying durations. Aftor planting out the seedlings 
were grown in natural day length above 13 hours for 53 days. Subsequently short 
days of 8 hours for 4 weeks were applied. The plants were then kept in normal day 
length until ear emergence. The results (Table 4) indicate marked influence of short 
days on the acceleration of flowering but presowing low or high temperature treatment 
failed to induce further acceleration, on the contrary a delaying effect was noticed in 
some of the continuous and alternate temperature treatments. The fertility of the 
spikelets is reduced in the treatments inducing earliness. 
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Tabi-e 4 


ProHowinjL^ toiufH^nituro troatrncat« 


Vcit H()ako<l an<l HpnmUxI at for 

24 hourrt 

Tcy, soakrd nii<l K[>rout<Ml at 20%!. for 

24 houiH 

m e. for 4 wookn 
f a. .47 ( ’. for 2 wookn 
^6, 30 '-!U' C. for 4 wooks . . 

P7, 30 '-3r (*. for 2 wooks . . 

Ko, 25'^'.20'^(J. for 2 wook^ . . 

Pii, 2r)"*-2iV'C. for4 wookH . . 

P13, 12'%’. for 4 wookrt 
^15, 12‘%. for 2 wookH 
^17, 2 wooks at 37 'C. follovvod hy 2 
wi'cjkn at 12"’C. 

f 18» " wookrt ut I2'C. and 2 wook.s 
at 37' C. 

1^21. allornato dayn ut 37‘’C. and 12''(.!. 
for 4 wooks 


Photoporioflic 
troatrnoiit after 53 
(Jayw of natural day 
Ifjiigth 

Number of 
dayei for ear 
omergence main 
nhoot (average 
of 22-48 plants) 

Spikelet 

numbers 

Fertile/ 

Sterile 

Natural dayliglU 

150-5 1 1-7 

100-2/16-2 

H houirt* daylight for 

97-5 + 0-17 

65-2/29-0 

4 wnoks 



99-0 + 0-57 

42-2/3 10 

M 

99-5 + 0-84 

49-5/43-4 

»» 

101-2 + 0-10 

60-0/23-7 

• » 

98-2 + 0-11 

57-0/39-4 

,, i 

97-7 f 0-11 

02-5/31-2 


97-0 + 0-11 

60-5/35-0 


iOl-1+0-74 

38-5/37-6 


101-4 + 0-50 

58-8/30-4 


99-2 + 0-94 

34-0/28-5 

.. 

97-9 + 0-74 

40-8/29-4 

- 

101-4 + 0-75 

40-9/29-3 


EXPKUrMKNT 4 

Vernalization and devernalization of .^n miner variety Dlmiral 

ft ha« been n^portod previously (ef. Sircar, 1948) that presowing high tempe^ratiire 
ac’celeJ’ates Howeiing in summer variety, while low temperature retards flowering. 
In ord(^r to analyse critieall^^ tlio relation of germination temperature of summer 
variety the prCvStmt experiment was planned with treatments for continuous high 
or low temperature and alternate high and low temperatures for varying durations. 
The experiment was started on February 10 and seeds sown on April 11, 1955. 
The date of ear emergence of the main axis was recorded and presented in Table 5. 
The following facts are apparent, Kffects of cont inuous high temperatures (SO'^-Sl^C. ) 
were acceleration of tlowering wlien the duration of the treatment Avas up to 3 weeks 
(/*j 5 and /ho) but above this duration temperature has a delaying effect wliich 
increases with the duration of th<^ treatment and P\^). Similar effect was 
also noted by treatments at 37°C. and Pi^). The low lemporature (12°C.) 
for all durations, however, accelerates tlowering which is statistically significant 
(P37, p3g, F39, /%o)* Acceleration was also evident by treatments at 25®-26°C. 
for 4 weeks (/ho)- On the other hand too low temperature (2^-4°C.) has a strong 
retarding effect on germinat ion and left almost no replicates to assess significance 
on tlowering {Pi~P^). 

It is interesting to note that alternate temperatures have induced earlier flowering 
when high temperature is preceded or followed by low temperature (P35, P36, P?)- 
These effects are also statistically significant. Similar results w%re also noted in 
the case of the winter variety Rupsail (Table 2). A marked acceleration of flowering 
by low temperature treatment is accompanied by greater number of fertile spikelets, 
while in the rest of the treatment the spikelet number is less than that of the control 
and there is no definite correlation between the number of spikelets and mean date 
of oar emergence. 
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TABX.B 5 

Effect of pre^owing temperatures on floral initiation of Dliniral. Sowing date 11-41955 


Temperature treatments 


Pc, control (soaked and sprouted at 20 'C. for 24 hours) . . 

Pj, P2, P4, 2*^— 4°C. for (>, 4, 2 weeks 

P3, 2®-4°C. for 2 weeks (2 replicates) only . . 

P37, 12®C. for 6 weeks 
Pgg, 12°C. for 4 weeks 
P39, 12°C. for 3 weeks 
Peo, 12‘^C. for 2 weeks 
P9, 25°-26°C. for 6 weeks 
Pio» 25°-20°C. for 4 weeks 
Pn. 25°.26"C. for 3 weeks 
Pj2» 25°-26°C. for 2 weeks 
Pi3, 30"-3rC. for 0 weeks 
P14, 30°-3rC. for 4 weeks 
P16, 30°-3r0. for 3 weeks 
Pie, 3()'^.31"C. for 2 weeks 
Pi8, for 4 w<'eks 

Pi9» 37'^C. for 3 weeks 
P2o» 3l°C. for 2 weeks 

P21, 4 weeks at followo<l hy 4 weeks at 2®-4''0. . . 

^23» " weeks at 37'^C. followed by 2 weeks at 2‘’“4%\ . . 

P24, 3 weeks at 30'’-31"C. followed by 3 weeks at 2'’-4°0. 
P25, 2 weeks at 30'’-31°0. followed by 2 weeks at 2®-4‘^'(b 
P29, 3 weeks at 2°* 4“C. followed by 3 weeks at 30‘’-3l°C. 
P30, 2 weeks at 2'^-4°C/. followed by 2 weeks at 3(1°-31°C. 
P35, 3 we€>ks at 37^0. followed by 3 weeks at 12'’C. 

P jo* 3 weeks at 37‘"C. followed by 3 w'oeks at 25^-20^0. 

P.'ifi* 3 w^eeks at 30^-3 1 followed by 3 weeks at 12‘^(X 
P34, 3 w'oeks at 30'^-3r C. followed by 3 weeks at 25‘'.2t)^C. 
7^5, 3 weeks at 25"-2()'^C. followed by 3 wetd^^s at 37'X\ 

7*(j, 3 weeks at 25'-2G‘^C. followed by 3 wet^ks at 30'"'3l^C. 
P7, 3 weeks at 12'C. followed by 3 weeks at 37^X,\ 


Mcuvn days of ear 
emergence maiix 
shoot (18-25 
idants) 


llMi:l-45 I 
Not germinated 
110*5 

105*1 f 1*44 
101 

101-Sf 1*21 
104*1 4 1*52 
117*1 1 1*20 
105*1 + 1*77 
113*5f 0*8S 
108*8 1 MO 
123*5 + 0*5 
1 20*3 ±1*4 
100-4 ± 1*32 
104*2 ±1*32 
123*2± 1*11 
119*1 + 1*03 
95*5+1*24 
122* I ±0*88 
124*5 

J17*2± 1*47 
1 18*3 ± 1*32 
110*5 + 0*5 
11 3*3 ±0*09 
104*7 ±1*73 
11 3*7 ±0*41 
103*8+ l*« 

109*3 ± 1*9 
1 20*4 1 1*32 
115*210*63 
99 ±1*38 


Number of spike 
lets per ear 
Fortile/Storilo 


85*5/11*5 

78*5yi4*2 
67*7/16*1 
100*3/10*5 
106*2/6*0 
88*7/13*5 
72*5/8*5 
80*2/10*5 
75*6/11*2 
87*6/7*5 
82*5/14*5 
69*3/12*0 
83*3/12*4 
88*2/14*3 
80*3/14*4 
76*7/13*3 
88*5/16*5 
72*9/15*7 
60*3/19*3 
72 /I2-3 
70*7/11*4 
80*3/1 1*5 
85*3/12*5 
60*1/10*2 
77*5/12*6 
85*2/13*2 
80*2/13*0 
70*2/17*5 
67*2/19*3 
107*2/13*3 


Discussion 

This paper provides evidence for a detail survey of temperatureB of germination 
on flowering of winter and summer varieties of rice. Previous results with rice 
(cf. Sircar, 1948) indicate that hastening of flowering by varying temperature 
treatments is not so effective as that found in the temperate crops like rye. The 
winter variety of rice which was considered to be a temperature neutral plant showed 
a significant acceleration of flowering under exposure to alternate high and low 
temperatures of germination while continuous high or low temperature proved to 
be ineffective. 

Rice is a tropical crop; it grows generally at a temperature about 27°C. to 33®C. 
under field conditions. The temperature near freezing point seems to have a lethal 
effect on rice embryo as most of the embryos were killed at 2°~4°C. and thus the per- 
centage of germination was severely affected. This lethal effect of low temperature 
was more evident in the case of summer variety. (Termination rate was also signi- 
ficantly reduced when such low temperature either preceded or followed high 
temperature treatment. At slightly higher level of temperature (12®C.) an acce- 
leration of flowering of the summer variety was noticed in all the treatments, the 
eflFect increased with the increase of duration (P 40 , Psq* Pss)* At still higher 
temperatures 25''-26®C. and 30®-3l^C. acceleration of flowering was also found but the 
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effect waft not 8o groat ag that in the case of 12®C. and generally decreased with 
iucrcasc of duration; thuB accideration at 30°-3rC. was found only up to 2 weeks’ 
duration al>ovc whidi the effect of temperature did not show hasteni^. With 
still prolonged duration for 4~6 weeks a significant retardation was evident {P14 
and P,5). 

Thofto r(\HultK, hovvx'ver, do not agree with the previous findings of the vernaliza- 
tion ternpi.Tature of rice which was found to bo higher than the normal temperature 
(cf. Sin ar, 1948). On the contrary, a generalization of the effect on the vernaliza- 
tion t<?rriperatute between tem])erate and tropical crops can be shown in the following 
way: that tlu^ optimal temperaturti for vernalization in both temperate and tropical 
(Tops lies well below tlu^ normal tiuiijM'-rature and the effect is extended and gradually 
slowed down up to tlu^ hwel of normal field temperature of res2)ective regions 
(12°-ir)'‘C. for temp(^rate crop and for tropical crop). 

In the light of the ixsiilts obtained in the experiments reported above the scheme 
put forward by Purvis and (lr(;gory (11152) requires consideration. 

Their revised scheme is represented below: — 

E 

t 

A ^ A' B ^ C D, 

‘ A represcHits th(3 precursor from which a sjiecific substance B is produced by a 

roaetior\ at low t<unp(‘-ralure. The reaction A >B consists of at least two 

Htag(5S, the first is reversible by high temperature, so that devernalization 

and revernalization are possible. The second stage A' >B, however, can 

proceed cither at normal or low tfunperatures. The substance B is evidently thermo- 
stable and ( ' is produced by a reversible reaction proceeding forward in darkness 

(short day induetion) and n^versc^l in light. The reaction C >D proceeds 

only in light. C and 1) may be regarded as substances responsible for flower initiation 
and devolof)ment and these reactions occur in the terminal meristem. The substance 
B alternately^ may be converted into the substanc'e E which favours loaf production.’ 

Fri(uul and (Jiegory (1953) have assumed further that the postulated the end- 
product of the vornalizali(ui reaction increases auto-catalytically and that the rate 
of the I'oaetion increases with temperature. The precursor A is present in the winter 
variety of rye w4iich is practically temperature neutral variety ; the thermostable 
substance B is assumed to be present there. 

In the present study it is suggested that the precursor A may be present in 
the summer variety of rice which is vernalized by low temperature 12°C. (Table 5, 
Pz7y B40) (levernalized by su])ra-nonnal temperature P^o). 

But in the case of winter rice the precursor A might have already been converted 
info substance .1' in the mature grain and in the remaining part of the reaction B 
can only produce 1) by short day induction and in no case the low tcmp(3rature has 
any intiuenco on hastening of flowering (Table 2, F14, F15). The delaying effect 
of high temperature on winter variety of rice (Table 2, Fe, F7, F^) may be arguexi 
as devernalization reaction as the reaction ^4 ^^4' is reversible. Again by 
application of alternate high and low temperature such delaying effect of high 
temperature is annulled showing the reaction u4^.d' may bo proceeded forward 
(Table 2, F17, Fio* 1'22» ^^23^ ^^24)- assumed that B is produced auto-catalyti- 

oally with temperature and thus the quantity B may be increased which intensifies 
the vernalization reaction. Such reaction may possibly be the causal factor for 14 
days’ acceleration of flowering in winter variety of rice under exposure to alternate 
high and low temperature. 

Delaying effect of high temperature on winter variety is also found in the plants 
cither sow ing later or treated photoperiodically (Table 3, Sj, 82, ^3, andTable 4, F5) 
and such effect of high temperature is annulled under exposure to subsequent low 
temperature verifying tlie assumption presented in this paper. 
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Summary 

During germination seeds of winter and summer varieties of rice were tm\t-ed with different 
degrees of continuous and alternate ranges of femporatures for varying duration* 

In winter variety high and low temperatures show rot^irdution of flowering wliile noceloratiou 
was recorded at alternate exposures of high aiid low temporaturos. Similar results wore obtained 
with late sowing in winter. The effect of sliort daj^^ induction, however, did not intensify the 
vernalizing reaction. 

In suimner variety im acceleration of dowering was noticed at subnormal temperature. 
The optimal degree for vernalization was 12°C. the effect of which extended mid grtidually slowed 
down up to the level of 30®-3I®C. the normal field temporaturo of the oi*op. Above normal tem- 
perature (i.e. at 37°C.) a dovemalization effect was found whieli incnMised with duration. Such 
retarding effect of high temperature was lumiillod under subseqiuait exposure to low tomperaturo* 
The results have been discussed in the light of Uio scheme put forward by Purvis tuid Gregory 
and a generalization of the effect of tomperaturo for vernalization of temperat-o and tropical 
crops is presumed. 
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STUDIES ON CYTOCHEMISTRY OF HORMONE ACTION 


Part XVI. Further evidence of the enhancement of androgenic action of 

TESTOSTERONE PROPIONATE BY PROOESTBRONB 


by Amiya B. Kau and N. N. De, Central Drug Resexirch Insiitute^ Lticknow. 
(Communicated by B. Mukorji, F.N.I.) 

(Received September 3 ; approved for reading on October 5, 1956) 


It seems satisfactorily established that progesterone possesses appreciable 
androgenic activity as tested by histophysiologic and metabolic responses of the 
male accessory genital organs to tliis hormone (for earlier references see Kar, 1949; 
Kar and De, 1953; and Price ei aL, 1955). The possibility that progesterone can 
add to the androgenic action of testosterone u^s, however, originally suggested in 
the experiments of Morgan (1946) who showed that progesterone synergixed the 
restoring effect of testosterone on the accessory genital organs of spayed female 
opossums. Subsequently, Kar and De (1953) were able to demonstrate fh^-f pre- 
gestorone enhanced the androgenic effect of testosterone propionate when injected 
simultaneously in castrated male rats. The recent findings of Price et al, (1955) 
also tend to subscribe towards a similar physiological relationship between pro- 
gesterone and androgens. 

In the present paper, an attempt has been made to provide further evidence 
of the enhancement of androgenic effect of testosterone propionate by progesterone. 

The literature on metabolic activities of the male accessory genital organs is 
replete with references on a positive correlation between androgenic activity and 
the concentration of alkaline phosphatase (Uoberts and Szego, 1953). Because of 
the consistency of such a correlation, it has oven been suggested that fluctuations 
in alkaline phosphatase activity in the male accessory genital organs can be used as 
a sensitive chemical assay method for small amounts of androgen (McCullagh and 
Schaflfenburg, 195t). In view of these, in the present study, the alterations in 
alkaline phosphatase concentration in the seminal vesicles of castrated rats have 
been utilized as the criterion for the evaluation of androgenic effects of progesterone 
whether given alone or in combination w'ith testosterone propionate. 


Experimental procedure 

Thirty adult albino rats of the Institute colony, weighing on an average 170 
gm., were u.sed in this study, out of which twenty-four were castrated. The 
unoperated rats and a group of six castrates served as the controls. The castrates 
were assigned in three groups of six animals each for receiving hormone treatments. 
The latter was initiated on the 31st day following castration and before the common w- 
ment of the injections, the seminal vesicles of all the castrates were examin^ by 
laparotomy in order to ensure that these had adequately regressed. An of the 
animals were maintained under uniform laboratory conditions throughout the 

experimental period. , . ,i. • . i 

Progesterone and testosterone propionate were injected by the intramuscular 
route in daily doses of 2-5 mg. (in 01 ml. of sterile olive oil) of each hormone for 
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10 cUyH. TliiB dosagei was used for the groups which received the two hormones 
separately. For the ^roup which was subjected to comVjined treatment 2*5 mg. of 
each hormone [mt day was injected simultaneously so that a total of 25 mg. of pro- 
gosteroiio plus an (H|ual amount of testosterone propionate were given per animal. 
The control castrates and the unopcTated rats (Table I) received 0*1 ml. of sterile 
olive oil alone daily lor the same perkKl. The dosage used in the present study was 
essentially similar to that used previously (Kar and De, 1953). 

Th<^ animals were sacrificed 24 hours after the final treatments. The seminal 
vesicles were carefully dissected out and fixed immediately in chilled 80 per cent 
etliyl alcohol. The .sfu ia] paraffine scedibns of the organ (6 micra thick) were pro- 
c<?H.sed a(^cording to the technique <if (hunori (1941) as laid down by Glick (1949) 
for the demonstration of alkaline phosphataee. 


Rksui/ps 

Cotitrols , — The j)attern of distribution and concentration of alkaline phos- 
phatase in tlie 8<5minal vesiirlcs of normal rats agreed with those of the previous 
workers (Born, 1949; Molampy and (Cavazos, 1953). The epithelium gave an 
entirely negative reaction for ilie enzyme and the lamina propria was only faintly 
|)ositive. Th<^ latter was true for both the connective tissue and the va.scular 
elements of the lamina propria. Tlio inuscularis gave a patchy and difYu.se reaction 
(PI. XVIIT, Fig, 1). 


Table t 

I'he diMfibution iind roncf:fttra(io>i of (ilkftli)ie phosphatase in the seminal vesicles of normal 

and experimental rats 



Kjnthelitnn 
N ucloua 
Cytoplasm 
(inohiding soorotiou 
ulos) 

Lamina propia 
Connective tiasue 
BUx)d vessels 

Muscularis 

Smooth miisolo 
Blood vessels 


Controls 

: Castrates 

Castrates 

4- proges- 
terone 

Castrates 

4- testos- 
terone 


i - 

propionate 

0 

o 

o 

0 

0 

n 

0 

1 ! 

0 

f p 

+ P 

1 ' 

i 1 

1 1 

-f- 4- -f 


0 


4- 4- 

f,> 

0 

1 0 1 

1 

0 ! 

0 

0 

0 

f4-4- i 

1 


(-aatrato 
4- proges- 
terone 
-f testos- 
terone 
propionate 


o 


-1-4- 4^ 4- 
4-4 4- 


+ 4- 
-I- 4- 4- 


K valuation , — 

4- 4 4 4- ^ Intense phosphatase activity. 
4 4 ^ Strong phosphatase activity, 

^ ^ VV^eak activity. 

^ = Faint reactions. 

^ Faint and patchy reactions. 

0 Negative reaction. 
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( 'a^t rates. — The epithelium was negative for the phosphatase as in the normal 
(controls. The other components of the organ were also devoid of phosphatase acti- 
vity except for a faint reaction in the lamina propria (PI. XVIII, Fig. 2 and Table I). 

Castrates + progesterone. — The epithelium continued to give a negative reaction 
for phosphatase activity but the coimoctive tissue of lamina propria was weakly 
positive (PI. XVin, Fig. 3). The blood vessels of the lamina propria stained faintly for 
the enzyme. The overall picture, however, was slight stimulation of phosphatase 
activity as compared to that of the untreated castrates. 

Castrates + testosterone propioyiate. — ^No reaction for phosphatase activity was 
seen in the epithelium. The connective tissue of the lamina propria showed strong 
reactions but the vascular elements wore only weakly positive. In the muscularis 
only the endothelium of the blood vessels gave strong reactions for the enzyme 
(PI. XVIIT, Fig. 4). The overall picture was considerable stimulation of phosphatase 
activity in sharp contrast to the untreated castrates and the normal controls 
(PI. XVIII, Fig. 4). 

Castrates + progesterone + testosterone propionate.' — The epithelium was negative 
for j)hosphataso activity. The connective tissue of the lamina propria gave intense 
reactions for the enzyme and the blood vessels were also strongly positive (PI. XVIII, 
Fig. 6). In the muscularis, both the libres and the blood vessels showed strong 
concentrations of the enzyme. The extent of overall inttrease in alkaline phos- 
phatase activity was greater than that of the androgen recipients. 

Discussion 

The results of the present study tend to bear out and extend the findings of 
Kar and Do (1053) regarding the enliancement of androgenic action of testosterone 
propionate by progesterone. It is interesting that, at the dosage level used in this 
study, the wtuglit and gross histological responses of the seminal vesicles of castrates 
to progest<uone arc negligible (Kar and De, 1953). This is to be expected as accord- 
ing to tlie recent estimation of Price et al. (1955) a massive dose of progesterone, 
several times greater than that used by us {loc. cii.), is necessary to reveal its andro- 
genicity in the castrates when given alone. Nevertheless, a careful perusal of the phos- 
phatase picture of the seminal vesicles of rata treated with progesterone (PI. XVIIl, 
Fig. 3) will indicate a slight but definite stimulation of phosphatase activity even at 
this otherwise low dosage. This not only emphasizes the sensitivity of the enzymic 
response in the detection of trace amounts of androgenicity but also loads to the 
possibility that in course of recovery of an accessory male genital tissue from the 
effects of cluonic testicular insufficiency some metabolic features of the tissue is 
restored earlier than its gross morphology. The significant histochemical findings 
of Melampy and Cavazos (1953) can be brought to bear upon such a viewpoint. 
These workers reported that the activity of alkaline jihosphataso in the seminal 
vesicles of castrated rats is restored to supernormalcy on the fifth day of androgen 
therapy but thereafter a relative decline in enzyme activity from the supernormal 
level is clearly noticeable. According to the present hypothesis, this may be duo 
to a sequential restoration of normal phosphatase activity at a very early stage of 
androgen therapy, the subsequent attainment of a supernormal level with time, 
and final interference with the kinetics of the enzyme by sustained hormonal 
stimulation. To what extent such a picture parallels the physiology of the tissue 
concerned will be an interesting topic for research. 

A final consideration of the above facts and possibilities, therefore, leads to the 
inference that progesterone can enhance the androgenic effect of testosterone pro- 
pionate. This is indicated by changes in weight and gross histology of the seminal 
vesicles of castrated rats as reported earlier (toe. di.) as also by the responses of a 
specific enzyme, the alkaline phosphatase, which is known to have a positive cor- 
relation with androgenicity. 
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Summary 

1. C(i^tration caimo« diflappoarance of alkalino phoaphataae activity from the seminal 
vesiclof! of the rat , 

2. ProgOHteronc wlightly stimulatcR phofiphataae activity in the seminal vonicloB of similar 
animals hut tc^toMtcroru^ caiajcs a strong mobilization of the enzyme in this tissue. 

S. Comhinod therapy with progostcrone and testosterone propionate is associated with a 
greater nt irnuhit ion of phosphatas^a activity than is noticed with the androgen alone. 

4. Previous findings on the enhiincement of androgenic effect of testosterone propionate 
by progesterone is confirmed. 
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EXPtiANATION OF PlATF, XVIII 

(.4^ figures are- photomicrographs and are of equal magnification) 

Fio. 1. Transverse aection tbrovigh the seminal vesicles of a control rat. Note the patchy 
distribution of alkaline phosphatase in the lamina propria. 

.. 2. Tran.sverso section through the seminal vesicles of a castrated rat. Note the patchy 

and diffuse reactions for the enzyme in the lamina propria. 

„ 3. Transverse .section through the 8t>minal vesicles of a castrat-ed rat treated with pro- 

gesterone. Note weakly positive reactions in the lamina "propria. 

4. Transverse section through the seminal vesicles of a c^astrated rat treated with test- 
osterone propionate. Note the hypertrophy of the organ and .stimulation of 
phosphatase activity. 

,, 5. Transverse section through tlio seminal vesicles of a castrated rat treated with test- 

osterone propionate j- progesterone. Note the conspicuous foldings of the mucosa 
and pronounced stimulation of phosphatase activity. 
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THE INCIDENCE AND HEREDITY OF HAEMOPHILIA IN INDIA 
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(Communiciitcd by K. P. Cliat topadhyay, F.N.I.) 
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iMTliODUCTlONf 

There has been, so far as the present writer’s knowledge goes, only one study 
of haemophilia in India (Ghosh, 1942) in which one Bengali family from Calcutta 
was described. Further studies on this family have been j)resentod here. The 
other study relating to a Muslim family of Indian stock was made in 1 859 by Heymann 
(c/7. Gates, 1946) from Paleinbang, Sumatra. 

Apart from the clinical symi^toms peculiar to haemophilia, its sex-linked recessive 
behaviour has been acci^ptcd to bo one of its diagnostic features. This hereditary 
behaviour has been emphasized so much that in many cases, in spite of the typical 
clinical findings of the disease, haemophilia has been ruled out because the 
typical sex-linked heredity is not seen in the family. The latest case on record is 
from Australia (Fantl and Margolis, 1955). It is a genetic puzzle since haemophilia 
in both the mother and the son has been confirmed through the latest clinical exami- 
nation of the blood. Gates (1946) in a detailed genetic study of this disease has 
shown that haemophilia, like many other diseases and abnormalities, may not always 
follow the sexdink(‘d recessive type of inheritance and that y-linked, simple dominant 
or recessive forms of inheritance may also occur. According to (iates the inheritance 
of haemophilia may also vary within the same sib due to the cross-over of the gene 
from a;- chromosome to the y-chromosome or vice versa. This fact should not be lost 
sight of in giving weight to the hereditary behavioui' as a diagnostic feature of 
haemophilia. 

Since 1947, a number of cases with haemorrhagic diathesis has been called 
parahaemophilia (1952). It differs from the classical haemophilia in having a 
prolonged prothrombin time, which is normal in the case of haemophilia. Like 
haemophilia it does not affect the joints. It is not sex-linked in inheritance since 
both the sexes are known to be affected and does not always show a family history. 
It is avssociated with the deficiency of the accelerator globulin and should be regarded 
as a separate syndrome. 

Recent discovery of ‘Christmas disease’ or FLC deficiency (Biggs ei al., 1952) 
shows all the genetic and clinical features of ha<:*mophilia but differs from the latter 
in the presence of anti -haemophiliac globulin, and in the deficiency of some other 
factor, essential for the formation of thromboplastin. This has led to the assumption 
of an allelomorphic variant of the gene responsible for haemophilia. Even a series 
of allelic genes, which determine the plasma level of the anti-haemophiliac factor, 
has been postulated in the case of mild haemophiliacs. Improved laboratory 
methods of diagnosis have been established by Biggs and Macfarlane (1953) and 
Fantl (1954) and these should be followed in this country as well, Fantl proposes 
that classical haemophilia be called alpha-prothromboplastin deficiency while 
Christmas disease or PTC deficiency that of beta-prothromboplastin deficiency. 

Haemophilia in homozygous females is now an established fact (Merskey, 1961) 
although Gates (1946) made a case of it through Treves’ pedigree of 1886 and its 
later studies by Bulloch and Fildes in 1911 %nd Handley and Nussbrecher (1936) 
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and recently by Merskey (1951). Lloyd (1925) showed that incomplete dominance 
of the normal condition may also show female bleeders. 

It is |)conliar, however, that Andreassen (1943), who carried out a complete survey 
of haemoj>hilia in Denmark and published 63 pedigrees of this disease, has neither 
found any deviation from the classical form of the disease nor in its sex-linked 
inheritatUH’?. lie has not found any genuine haemophilia in the females, though 
h (5 has not<^<l a tendency to haemorrhage in several hctcrozygotes, whoso blood show^ed 
a slight protraction of the coagulation time. This, however, is not confirmed by 
Merskey and Mac^farlane (1951). 

Method 

In order to find out the incidenc(^ of haemophilia in India, a questionnaire was 
first of all sent to 40 hospitals throughout the country. After the replies were 
obtained, attempts w^ero made to enquire into the genealogy of each ease. For 
this puiq)oso a tour to Bombay, Nagpur and Ahinedabad, was undertaken and 
family histories from the above tluee ])lac(^s were collected. For other cases, 
enquiric.M were made through correspojidenee. The Bengal pedigree was collected 
after personal interviews from various sources. 

The Data 

Out of 40 questionnaires sent to various hospitals only 21 replies were received. 
The number of haomophiliacs reported therefrom is given in Table 1. 

Tabi.k I 

Number of lionnophilidCJi rej>orie(t from Hospiktlfi. 


Scnnl ; 
No. 1 

I foHpitul 

1 f'i^y 

Period 

No. 

1 

• i 

Siirojini Naifln 

i Agra 

19r>l 54 

0 

2 

Civil 

Ahmedabad 

1053-54 

1 

3 

Victoria Jubilo<* 

Amritsar 

1051 54 

5 

4 

S. S. Oonoral 

Ibiroda 

1054 

0 

T) 

S. (f. H. Metliral 

Rornba}^ 

1045-54 

13 

(> 

Dental (.^:)llego 

( ’alcutta 

1054 

0 

7 

Medical College 


1052-54 

0 

S 

N. U. Sircar MiMlical College 

>> 

1 054 

{} 


S. C. H. M<Mlical Collogo 

Cnttack 

1954 

0 

ID 

Asaarn Medical College 

Dibrugarli 

1953-54 

1 

11 

G. R. Medical Collegt^ 

Gwalior 

1949-54 

0 

12 

M. O. M. Medical College 

Indore 

1950-54 

0 

13 

S. M. S. Medical College 

Jaipur 

1954 

; 0 

14 

G. M. cV Associated 

Lucknow 

1951-53 

i ^ 

ir> j 

Medical College 

Madras 

1950-54 

I 3 

10 1 

SDvnley Medical Collogo 

»» 

Mysore 

1952-54 

0 

1 

University Medical College 

1934-54 

0 

18 I 

Medical College 

; Nagpur 

1054 

1 

10 

Irwin 

Now Delhi 

1954 

1 1 

20 1 

Christian Medical College 

Vellore 

Past several 

2 

21 1 

Andhra Medical College 

1 

years. 


Vishakapatnam 

1944-54 

! 0 





27 


- . _ - , , . - — - _ 






It will bo soon from Table 1 that out of 21 hospitals, haemophilia has been 
reported from Ahmedabad, Amritsar^ Bombay, Dibrugarh, Madras, Nagpur, New 
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Delhi and Vellore. The rest has not treated any case of haemophilia. The longest 
record of absence of any case is from Mysoi*e during the period 1934-64, followed 
by that of Vishakapatnam during 1944-54. Gwalior and Indore had no cases 
during the past 5 and 4 years respectively. 

The highest incidence appears to be from Bombay during the last Oyeai’s (1945-54). 
It is likely that there are more cases since only one. out of the seven Bombay hospitals 
approached, has replied to our query. The next incidence with 5 cases is from 
i^nnritsar during the years 1951-54. Amritvsar appears to have a higher incidence 
as the pedigree data will reveal afterwards. Miulras Modk^al College hospital has 
reporteii 3 cases during 1950--54 while the 8tanl(\y .Mtxlical (>)lloge hospital. Madras, 
has not treated any case of haemophilia during 1952-54. The ChrivStian Medical 
College hospital, Vellore, has treated two cases during the past several years but 
none of them could be traced according to the addresses given by the hospital. 
Each of the other four hospitals, namely Civil hospital, Ahmedahad, Assam Medical 
College hospital, Dibrugarh, Medical College hospital, Nagpui*, and the Irwin hospital, 
New Delhi, has treated one case during the year 1953-54. Their previous records 
could not be obtained. 

Due to the highest incidence of haemophilia from Bombay, detailixl enquiries 
of the 13 cases reported by the K. E. M. hospital. Bombay, were utidertaken during 
January 1965. 

(a) Haemophilia c/ises front Bombay 

Case No. 1. M. R., male, aged 19 years, was admitted on 12th December, 1946, 
with swollen knee joints and bleeding gums. Past history revealed that the patient 
bleeds for a long time whenever he is hurt. Family history revealed no such condition 
in any member of the family. The patient has 12 normal brothers. Clinical 
examination of the patient’s blood wshowed: bleeding time — 2J min.; coagulation 
time — 30 min.; platelets — 217,600/ccm. ; blood group — 0. 

Personal enquiries revealed that the above patient is a resident of the village 
of Libola, Panchmahals. Ho obtained admission through a cook of the hospital, 
who informed the writer that the patient was seen alive about 0 months ago. The 
patient was married but the cook could not inform anything of his issues; neither 
('Duld he say anything regarding the disease in the heredity of the patient. 'Hie 
patient is a farmer by occupation. 

Case No. 2. K. M. M., male, aged 30 years, was admitted on 5th February, 1948, 
with bleeding gums and previous history of bleeding from trivial cuts from childhood. 
The past history also revealed that at the ago of 6 he was operated on the forehead 
when the bleeding was controlled with great difficulty. Every 2-3 months he bleeds 
and about 6 years ago he had a bleeding which lasted 21 days. The clinical details 
of the blood are; bleeding time — 1 min.; coagulation time — 22 rain.; platelets — 
94,0()0/ccm. 

On interview the patient (Ped. 1, 11 2 ) was found to be quite healthy. He 
had a defective leg, probably a case of dislocation of the thigh, which the patient 
said has nothing to do with haemophilia. He was then having homoeopathic medi- 
cines, which were doing him good. He does not remember to have known anybody 
suffering from this disease among his relatives, specially on the mother’s side. He 
is a businessman by occupation and is married, with three minor children. The 
pedigree is given below. 

Case No. 3. G. E., male, aged 17 years, was admitted on 10th June, 1960, with 
both the knee joints swollen and the kidney affected. He had this recuirent swelling 
of the knee joints since the last 10 years apart from bleeding from trivial injuries. 
About a year ago he had haematuria which lasted for about 16 days. The clinical 
details of the blood are; bleeding time — 2 min.; coagulation time — 19 min, ; platelet 
count — 196,200/ocm.; prothrombin time — 20 sec. 
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PEDIGREE !♦ 


I 


II 


HI 

12 7 5 

This patient could not bo traced at Bombay. The hospital records also d 
show any details of the family history. 

(Uifie No. 4, N. N., male, agiKi 7 years, was admitted at the hospital on 
January, 1951, with recurrent attack of bleeding from nose since 1 year of age. 
clinical details of the blo(xl are: bleeding tinuv — IJ min. ; coagulation time — 3 
platelets — 198,240/ccm, 

This ]>atif5nt could not be traced at Bombay. The hospital records, how 
mention two brothers of the patient having died of similar complaints at the 
of 8 and 10 n^spoctivc^ly. 

('uses No^\ 5 and 7. These two casi's, though separately shown by the hos 
have been (combined together because the author’s investigations showed that 
are related as brothers (Fed. 2, II 6 and 8). C. H. (Pcd. 2, II 8), male, aged 17 j 
was iMlmittcd on 17th May, 1951, with the symptom of bleeding from rectum, 
clinical picture of the blo(^ was: bleeding time — 1 min. 50 sec.; coagulation ti 
I3J min.; plattilcts — 281,000/ccm. ; prothrombin tinu^ — 45 sec. ; blood group — ^ 

PEDIGREE 2 

I 

U 

in 





Propositus 

Twin 

Figures indicate age 
No ch. No children 
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M. H. S. (Ped. 2, 11 6), male, aged 19 years, was admitted on 22nd August, 1951, 
with the history of repeated swelling of both the knees. No external haemorrhages 
were noticed. Nothing is known of the clinical details of the blood except that he 
belonged to blood group B and that the patient was discharged on 24th August, 
1951, after a blood transfusion. 

Personal enquiries into the family revealed that a brother (II 4) also died in 
1948 from the same disease at about the age of 23, while there is another haemophiliac 
brother (II 7) who is still suffering. All the brothers have affected knee and elbow 
joints and the former are said to bo more troublesome than the latter. External 
haemorrhages are not apparent and all the throe brotliers are now grown up and 
conscious to avoid injuries. The mother (1 2) is affected with very frequent peticheal 
haemorrhages but none of her relatives show any symptoms of the disease. The 
family is a refugee one from Karachi and the father of the family, an old man of about 
60 years, informed the Avriter that this disease is the only case of its kind among 
the Sindhi Hindus. His sou (II 8) was first ireatod in a Karachi hospital and because 
of the rare nature of the dise^ise he was demonstrated before a medical conference 
comprising the local medical men. He was extremely emphatic on the point that 
his was a small community and he has never heard of this disease in any of its members. 

Case No. 6. S. T., male, aged 5 years, was admitted on 13th .lune, 1951, duo to 
bleeding after an operation for phymosis. His blood picture was: bleeding time*— 
2 min. 10 sec.; coagulation time — 7 min. 40 sec.; blood group — O. 

On interview the boy was found to be quite normal. The mother and the father’s 
sister of the boy informed the writer that neitlKT the boy nor any member of their 
families has ever suffered from any kind of haemoj-rhagt?. The boy is the eldest 
issue of the family and is folio weii by two brothers, all iu normal health. 

Case No. S. S. K. (Ped. 3, IIT 1), female, aged U years, was admitted on Oth 
November, 1955, with bleeding gums. She had a previous history of bleeding from an 
incisor abscess and from trivial injuries, which gave no response to coagulants. Her 
blood picture was: bleeding time — 4 min. 53 sec.; coagulation time — 3 min. 5 sec,; 
platelets — 268,000/ccm.; blood group — A. 

PEDKiRKE 3 



On interview the child was seen to be quite healthy. Her father’s eldest sister 
(II 1) informed the present writer that she last bled from the nose and gums about 
6 months ago and her bleeding tendency was noticeable from a very early ago. 
Each time she bleeds profusely; the joints are not affected. The severity of bleeding 
has caused the child to be treated in throe different hospitals, one after the other, 
just with the idea of improved treatment. There is no affected individual in the 
family and the father’s eldest sister (II 1), an old woman of about 66 years, was 
emphatic about it. 

Case No. 9. M. S., male, aged 6 years, was admitted on 10th Juno, 1962, with 
the symptom of spontaneous bluish indurated swelling on any part of the body. 
He showed this symptom since 1 year of age. His blood showed: bleeding time 
— 1 min. 25 sec.; coagulation time — not clotted at the end of one hour; platelets — 
206,720/ccm. ♦ 

On interview at the address given by the hospital, it was found that the family 
had gone out of Bombay about 6 months ago, when the child was living. A friend 
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of the family informed that the Iniy was treated in another hospital after his dis- 
charge from the K. E. M. hospital. 

Case No. 10. H. G., male, aged 24 years, European ( ?) (Fed. 4, III 4), was 
admitted on the 3ist October, 1952, with swollen knee joints. He had it about 
10 days ago and gave a history of bleeding from trivial injuries since birth and 
had haernophysis about 1 year ago. His blood showed: bleeding time — 2 min. 
7 sec.; coagulation timo— 6 min. 20 sec.; platelets — 232,200/ccm.; blood group — A. 

This patient could not bo contacted although his church became interested 
in him. The hospital records, however, contained a genealogy, lacking in many 
details, uhich is given below; 

PEDIGREE 4 



d d d29 



NORMAL 


It will be seen from the pedigiw that haemophilia is present in two brothers 
of tlie mother and they died of this disease probably. If 5 used to bleed very often 
from cuts and bruises and died during lifting a weight, while II 6 died of bleeding 
from an abscess, operated upon the neck at the age of 29. The father (I 3) is 
known to bt^ normal but ha.s a carrier sister, while the behaviour of the disease in the 
children of 1 3 indicates that the mother was also a carrier. There appt^ars to have 
been some amount of inbreeding in the family. No first hand information could 
bo gathered on this family and nothing definite can therefore be said. 

(Uise No. 11. K. Y, J. (Fed. 5, IV’ (i), male, aged 4 years, was admitted on 
the ir)th December, 1952, with affected skin. His father gave histories of echy- 
moses since birth and one of his elder brothers (IV 4) died of prolonged haemor- 
rhage after a trivial injury on the foot at 1 year of age. His blood showed : bleeding 
time — 1 min. 45 sec.; coagulation time — 27 min.; x)rothrombiu time — 30 sec.; 
platelets — 345,600/com. 

PEDIGREE 5 



On interview the boy'"(IV^6) w^as found to be quite active and healthy. He 
bled from his gums three days][ago and echymosis appears quite frequently. The 
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maternal undo of the boy (III 3) died at the age of 8 from an accidental fall while 
the other uncle (III 5) is normal and is employed out of Bombay in a transport 
service. All the maternal aunts died young and uiunarried. It will be seen fixim 
the pedigree that another maternal uncle (III 10) of the boy was also a haemophi- 
liac and the hospital papers relating to the boy also contain some references of 
III 10. This patient was also treated at the K. E. M. hospital but his papers could 
not be traced. The present writer was informed by a distant relative, an old em- 
ployee of the hospital, of the above i>atieut (III 10) that the latter was admitted 
into the hospital by him while he was about 12 years old. He was constantly 
suffering from ecbymosis and haemonhages and died in 1954 at about the age of 
37 leaving 2 sons and 2 daughters. Unfortunately, both II 9 and II 11 are living 
in two different places outside Bombay city and could not be contacted. Their 
third sister (II 13) is a widow without any children. The probability of I 4 being 
a carrier is however great. The family is a native of the state of Bombay. 

Case No. 12. P. I). (Ped. 0, II 5), male, aged 5| years, was admitted on 17th 
March, 1953, with affected knee joints. He luui this swelling several times during 
the past 1 year and before coming to the hospital he was bleeding from the gums 
for about 5 days. Previously, he was treated in another hospital in the city. His 
blood showed: bleeding time — 1 min. 55 sec.; coagulation time — more than 1 hour; 
platelets — 246,400/ccm.; prothrombin time — noted as ‘quick *; blood group — A. 

PEDIGREE f> 

(!i I 

dy. 50 55 d.y 

On interview the boy was seen suffering from swollen knees and was bleeding 
from th(3 gums. The mother of the boy could not say the c^uso of death of her 
two brothers. The family is a native of the state of Bombay. 

Case. No. 13. 8. G. (Ped. 7, III 2), male, aged 4 years, was admitted on the 
23rd April, 1954, with bleeding gums and teeth. He had repeated attacks of bleed- 
ing since the last 1 year. His blood showed: bleeding time — 3 min.; coagulatior 
time — 6 min.; platelets — 3r)0,000/ccm., blood group — A. 

PEDIGREE 7 



On interview the boy was found to be quite healthy. The father of the boy ak 
said that he has been keeping well for some time past. The pedigree showfif hot 
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the mother’s father and his brother as haemophiliacs. The union of a haemophi- 
liac male and a norrruvl woman results in normal sons and carrier daughters. In 
the present case thi.s i.s seen very well. The only daughter of the union has been 
a carrier, the mother of the child in this ease. The family is a native of Ramnad, 
iS. India. 

(6) (Jase^ from Ahmedabad 

done. No. 14. A. C., male, agwl 24 years, was admitted at the Civil hospital, 
Ahmedabad, on 2l8t January, 1953, with pain and an intra-abdominal lump in the 
right iliac fossa during the last 4 day.s. His past history revealed an injury at the 
age of () years on the forehead from which he bled continuously for 15 days. Then 
at the age of 12 ho injured his finger which also bled for 10-12 days. His joints 
were affected. His blood showed: bleeding time — 2 min.; coagulation time — 
23 min.; platelets — 20(5,<KM)/ecm. ; prothrombin time — 18 sec.; blood group — A. The 
pat ient was not colour blind. 

'J’he patient refused to give any details of his family history. His parents 
are normal and healthy and are living in a distant village. His eldest brother 
got the similar complaint of pain with lumj) in the abdomen and died on the 3rd 
day of attack at the age of 28. He had also similar bleeding tendency. The 
pat ient has two more younger brothers, who are said to be normal and healthy. 
Then; are no sistei s. The patient is married and is a native of Gujarat. 

(aw. No. 15. K. D., male, agwl 8 years, was treated privately at Ahmedabad. 
The patient came foi- mtslical treatment in June 1946 owing to an injury on the 
forehead caused by accidental fall. Bleeding continued for 5-6 days till the boy 
succumbed. His (wirly history revealed e(4iymosis on all parts of the body as a 
residt of slight injury or pressure. Epistaxis was frcqiumt at the early ages. No 
clinical examination of the blood was done. 

The two elder brothers of the patient also died of haemophilia. The eldest 
had severe ble<!ding tendency from his very childhood. He, however, died from 
internal haemorrhage as a result of a fall from a wooden staircase. One of the 
younger brothers also died on the (ith day after his birth. In an attempt at sneez- 
ing on the 4th day of his birth ho liegan to blwsd from his nose which continued 
at intervals till his death 2 days afterwards. 

(c) Case from Naypur 

('use No. 16. 11. T. (Ped. 8, III 5), male, aged 14 yeara, was admitted on Slst 
March, 1952, at the Nagpur Medical College hospital with swollen knee and shoulder 
joints and epistaxis. Ho gave a liistory of prolonged epistaxis and seveie bleeding 
on slight injury since 5 years of age, before which he was normal. His blood showed ; 
bhjeding time — 2 min. ; coagulation time — 10 min, 16 sec. 

PEDIGREE 8 




O — r-O 

cch} 


t7 


* MOrtMAL NORMAL 


^ A (j) A' i d) 5 


M It t 4 1^. 


I 

11 

m 

IV 



S. S, SARKAB: THK incidence and heredity ok KAKMOPHIUA in INDIA 126 


It waa found out after local enquiries by the present writer that the above 
boy waa rushed into the above hospital on 31st December, 1963, where he expired 
the same day at 1-5 p.m. 

It will be seen from the above pedigree that III 6 has also two affected maternal 
imcles (II 6 and 7) who also appear to have died from haemophilia. The latter 
were never treated medically. The patients belong to an illiterate weaver family. 
Both II 2 and his wife (II 12) describ<5d their diseiisos as similar to that of their 
son III 5. All the sisters of II 12 are said to have normal children; so also her 
only surviving brother. None of the other dead cliildron of II 12 appears to be 
affected with haemophilia. Ill 6 died at the ago of 7 years while the other three 
died within 3 years. It also transpired from the statement of II 12 that 
three of her maternal uncles also died at an early ago. Her parental homo was in 
Ramtek, Nagpur. 

The above 16 cases were investigattxl by the writer as a result of a tour in 
Bombay, Nagpur and Ahmodabad. Their case histories were studied from the 
hospital records and wherever possible personal enquiries were made to complete 
the genealogical data. 

(Jase No. 17. This case is shown in Pod. 9, which is from Bengal. The family 
has scattered about in various parts of the state and some of its members are 
settled in the city of Calcutta. The family was partly described by Ghosh (1942), 
who treated V 4 and thereby gathered some genealogical data from the father of 
the child. Ghosh was good enough to got the present writer introduced to the 
above family just before his premature death. 

The child (V 4) was admitted to the Carinichael MecUcal College (now R. G. 
Kar Medical College) on 17th March, 1939, with bleeding gums and a small wound 
on the left margin of the tongue due to accidental biting. Echymoses was seen 
in the different parts of the body. His blood on 17th March showed: bleeding 
time — min.; coagulation time — 11^ min.; blood group — AB. In September 
1940 the boy was again brought to Dr. Ghosh with swollen left knee joint which 
appeared after a fall. Then again in November 1940 he bit his tongue and came 
under Dr. Ghosh’s treatment. At this time his blood was again examined and the 
following results obtained: 


Date 
26. 11. 40 
29. 11. 40 
18. 3.42 


Bleeding time 


4 

4 

3 


min. 




Coagulation time 


9 

9 

16 


min. 




Dr. Ghosh last examined the patient on 18th March, 1962, when the boy was about 
6 years of age. Ho died in 1952. 

It will be seen from the pedigree that the whole sib originated from a pair of 
twin sisters (II 3 and 4) one of whom has given birth to a pair of twins herself. There 
is also another pair of twins in the V generation who are diagnosed as monozygotic 
by the present writer. They are not yet married. It was difficult to trace the 
ancestry of the family but III 10, an old man of about 60, informed the writer that 
he remembers to have seen a brother of II 3 and 4, who was perfectly normal and 
had normal children. He lived up to an age of about 70 years. This point how- 
ever could not be verified from other sources though there is no reason to doubt 
the statement of III 10. 

It will be seen from the pedigree also that the severity of the disease is not 
similar in the family of the two twin sisters (II 3 and 4). II 3 shows only two normal 
daughters as against 6 carriers while II 4 shows only one carrier daughter against 
3 normals. Haemophilia in the only child (III 17) of II 3 appears to have been 
correctly diagnosed. The father (II 2) was a medical man and left practically no stone 
unturned to save the life of his only son. While running, he accidentally hit a 
fish-knife and sustained a deep wound on the toes from which he bled to death. 



PEDIGREE 9 
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The details of the children of II 4 were extremely difficult to obtain due to the 
reluctance on the part of the family members. At present there is only one child 
(V 14) who is still suffering from haemojihilia. A few months ago (June 1954) 
he was seriously laid up with echymosis all over the body, specially the knee joints 
were affected and there was profuse bleeding from the gums. His tongue was 
paralysed, thereby preventing any intake of food with ease. His clinical details 
could not be secured and the case is being treated privately. The boy is now about 
8 years old. 

Haemophilia is almost certain in the cases of IV 22 and IV 23. Both 
of them uscxi to bleed from the gums and to have echymosis and bleeding from 
slight injuries. The knee and elbow joints of IV 22 were sev(‘rely affect^ and 
although treated privately he received the best possible medical attention avail* 
able in the city of Calcutta. IV 23 died as a result of an accident. Chased by a 
dog he rushed into the room and while doing so he struck hifi head on the door lintel 
and died from the same injury. 

It will be seen from the jiedigree that in III generation there were 4 male issues 
of whom 2 were haemophiliacs and died of it. In the IV generation from the avail* 
able information there were 19 male children of whom 9 were haemophiliacs and 
10 normals. Of the 9 haemophiliacs only IV 21 is living and he is reported to have 
married. 

Similarly there are 19 female issues of whom 7 are normals and 3 have proved 
to be carriers. In the V generation the present author has been able to know of 
iS male issues of wliich 3 are haemophiliacs. None of the females of the V genera- 
tion is yet married. Out of the total number of 14 haemophiliacs in the whole 
sib the ages at death of 10 individuals are known which gives an average longevity 
of 12 5 years (range: 2^ years-27 years). 

The above 17 cases have been treated separately because almost all of them 
were initially reported from hospitals and attempts were made to gather further 
information on them through personal contacts. The rest of the cases will bo 
described according to the hospitals and in the majority of cases preliminary con- 
tacts could not be established by correspondence. 

(a) The V. J. hospital, Amritsar, reported to us of 5 haemophilia cases, of 
wliich two cases appeared to belong to the same individual though nothing definite 
can be said without a field study of the particular family. The details of these 
two cases are as follows: — 

(i) J. (surname not recorded), male, aged 9 years, was admitted on 28th 
April, 1952, with epis taxis for 6 days, history of excessive bleeding from cuts and 
high effusion in both the knees. Clotting time — 8 min. Father’s name not re- 
corded. Family history showed one brother having died of the same disease while 
two other brothers bleed often from minor injuries. 

(ii) J. T.,' aged 8 years, male, was admitted on 27th April, 1963, with epis- 
taxia for one week; haemateraosis and haemorrhage into the left knee. Bleeding 
time — 2J min. ; clotting time — 8 min. 30 sec. Father’s name not recorded. Family 
history shows one brother having died of the same disease and another suffering 
from it. 

The similarity in the name and address of the above two patients raises firstly 
the doubt of their being two separate individuals. Other details are also similar 
to some extent. It has already occurred in the experience of the present writer 
that the same patient came for treatment more than once in the same hospital 
and has been recorded as separate cases. In such cases only field investigations 
can determine the true state of affairs. 

(iii) P. S., male, aged 6 years, was admitted on 6th August, 1954, with bleeding 
from the upper lip. He gave a history of excessive bleeding jfrom minor injuries.^ 
The family history revealed a history of one brother also suffering from the same 
complaint. Two matemabuncles were also suffering from the disease. 
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None of the above two cases replied to our queries. No letter was SMit to 
(i) due to the incoiniilete nature of the names of the patient and his father. 

(iv) I. S., male, agcnl 12 years, was admitted on 24th October, 1952, with bleed- 
ing gums. H() showed this bleeding tendency from the age of 6 months at the 
slightest injury. E<ihymosis was very frequent all over the body and the ankles 
aj)jK)ar to have been very much affected. Whenever the milk teeth were shed 
he tiHetl to bleed heavily. His early history wfis sent to us by his father. The 
younger brother of the child succumbed to this disease at the ago of (“> years. It 
wa.H revoahsl from the father’s letter that the boy was given blood transfusion at 
the hospital which did not yield any satisfactory improvement. He is now being 
treated privately and vitamins C and K with coagulin has been effective in liis case. 
The youngest brother, now about 4 years old, appears to be normal. No details 
of the family history was sent by the father. 

(v) it. C. L. (Petfc 10, HI 4), male, aged 3 years, was admitted on the 31st 
August, 1951, with bleeding gums. The hospital records show that he was suffering 
from {Ksticheal haemorrhages since the age of 6 months. The father of the boy 
was go»xl enough to send us some details of his family and those of his father-in-law. 
As regards HI 4, the father informed us that in October or Novemb(^r 1951, while 
playing, the boy injured liis head and began to bleed. Ho was rushed into the hos- 
{)ital where ho expired the following morning. The next brother also showed symp- 
toms of the disease from the ago of 6 months. Echymosis was frequent all over 
the body and this symptom also appeared on the testis. The third son is also 
svifforing from the same disease. 

PEDIOUEE 10 


t 


II 


in 


It will bo seen from the above pedigree that 7 maternal uncles of the boy (III 4) 
have also died of this disease and the youngest (II 2) is still suffering from it. The 
7 brother-s died within 10 years and all were treated in a hospital, which has not 
replied to our queries. II 1 informs us that in all of them death followed very 
quickly. Ho also informed us of the death of two maternal uncles (1 3 and 4) of his 
wife from the same disease. I 1 was also contacted at the instance of II 1 but no 
replies were received. 

(b) The Cliristian Medical College, Vellore, sent us records of two haemophiliacs 
but unfortunately none of them could be traced and our letters were returned by 
the Dead Letter Office. 

(i) K. C., male, aged 50 years. The patient was admitted with a sudden 
attack of inability to talk and haemophilia into the vocal cords was diagnosed. 
His blood showed: clotting time — 6 min. 11^ sec.; bleeding time — 2 min. 1 sec.; 
platelets — 88,800/ccm. The patient had frequent epistaxis and haematoma used 
to be formed at the injection spots. No family history was available. 

(ii) M., male, aged 2 years. The child had a fall and injured the scalp where- 
from bleeding cordd not be controlled. The child wa^ anaemic and had injured 
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both the liver and the spleen. His blood showed: bleeding time — 2 min.; dotting 
time — 32 min. ; platelets — 495,000/ccm. No family history was available. 

(c) The M^cal College hospital, Madras, reported of three cases of haemophilia, 
the details of which are as follows: 

(i) M., male, aged 5 years, was admitted on April 27, 1964, with a tooth lost 
as a result of a fall from wliich he was bleeding for the last one month. Previous 
to it he bit his tongue and bled for 10 days. He also once bit liis lip and bled from 
it for one month. The family history, as given by the hospital, showed an uncle 
had suffered from the same disease. The patient had an elder sister, who was 
about 7 years of age. No reply was received to our letter. 

(ii) K., male, aged 30 years, was admitted on May 20, 1954, with bleeding 
gums. He vvas the only son of his parents and no such complaint is known in the 
family. 

(iii) T. D., aged 1 year, was admitted on November 15, 1963. The other 
details of the patient are not available. The last two patients could not be con- 
tacted due to the absence of any address. 

(rf) The Irwin hospital, New Delhi, reported of only one case, the details of 
which are as follows : 

(i) A. K. D., male, aged 14 years, was admitted on January 7, 1954, with 
affected joints. The coagulation time of the patient's blood has been noted as 
‘delayed'. No other details are known, neither was our letter replied to. 

(e) The Assam Medical College hospital, Dibrugarh, reported of one case of 
haemophilia in an Indian Christian. 

(i) P. J., male, aged 19 years, was admitted on January 18, 1963, with hae- 
matemesis. His maternal uncle was a chronic bleeder. No other details could 
be gathered from correspondence. 


Discussion 

It will be seen from Table I that out of the 21 hospitals participating in our 
enquiry the majority, i.c. 13 hospitals, have not treated any case of haemophilia. 
The longest period involved is that of 20 years for the Mysore University Medical 
School followed by 10 years for the Andhra Medical College, Vishakapatnam. The 
G. R. Medical College, Gwalior, had no cases during the past 5 years while the 
neighbouring town of Indore had similarly no haemophilia cases during the past 4 
years. The other 9 hospitals showing no haemophilia cases have reported only 
for periods varying between one to two years. 

The incidence of haemophilia, however, appears to show a liigher concentra- 
tion along the western part of the country than that of the other regions. Starting 
from Amritsar on the north, we come to New Delhi to Sind (Pod. 2), to Gujarat 
(case No. 1, Ahmedabad cases) and then to Bombay. Out of the total number 
of 28 cases, excluding Bengal, 21 cases fall on the western region of the country. 
It is too premature to sa}^ anything definitely on this point from the present small 
data but a trend towards the higher incidence of haemophilia along the western 
region of the country is indicated. 

The diagnosis of haemophilia may not be correct in all the cases. The labo- 
ratory tests on the blood are incomplete in the majority of the cases. The recent 
discoveries of parahaemophilia and Christmas disease necessitate detailed labo- 
ratory tests of the blood and a re-examination of the existing haemophilia cases. 
The majority of the pedigrees show the sex-linked recessive inheritance of the 
disease. The inheritance of the pedigrees 1, 2 and 3 cannot be explained due to 
the paucity of data. There might have been some concealment of facts in 
pedigrees 1, 2 and 6, while pedigree 3 is an exceptional one in having a female 
haemophiliac. The existing cases should be re-investigated according to the modem 
diagnostic methods. 
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Thero have been three marriages of haemophiliacs. In pedigree 1, II 2 has 
tliree issues, two sons and a daughter. In pedigree 5, III 10 has four issues, two 
sons and two daughters. In pedigree 7, I 2 has two normal sons and one carrier 
daughter. The liist pedigree thus shows what is expected of the children of a hao- 
mopliiliac father. The three haemophiliacs thus have a total number of 10 children 
showing an average of 3 33 children per family. 

The average longevity of the haemopliiliacs has been found to be 14 1 1 years, 
the maximum and the minimum being 37 years and I year respectively. The 
age at death was known in the case of 14 haemophiliacs only, of which 10 are from 
pedigree 9 alone. The average longevity in the latter case works up to 12*25 
years. The pedigree data show that 15 haemophiliacs are still living among the 
affected number of 42 in 8 families. Pedigrees 3 and 4 have been excluded. 
The aff'ectefl number of individuals increases to 52 when those from other hospitals 
are includtKl. One death out of tlu^se 10* affected from other hospitals is definitely 
known (Amritsar case (v)). Thus when the two data are combined together it is 
seen that thero has been at least 28 deaths in a total number of 52 affected cases. 


Summary 

1. In order to find out the incidonco of hnomopliilia in India a quostionnairo was first of all 
•ent to sovoral hospitals throughout the country requesting them to infonn the details of the 
haemophilia cases treated l»y them during a certain period. 

2. 21 hospitals participated in the (^ntjuiry of which 13 have treated no cases of haemophi- 
lia while the rest 8 have troatcil haemophiliacs varying Ixdween the numbe'rs I and 13. The 
largest number was treated by the K. E. M. hospital, Bombay, while the second largest number 
of 5 cases was from the V^. J. hospiud, Arnritsiir. A few cost's from private medical prac- 
titioners have also bi)eri in(;luded. 

3. After the addresses of the haemophiliacs were obtained attempts to contact each case 
were made for the purpose of collecting their family historu^s. A tour to Bombay, showing 
the largest numlx*r of cas<vs, Ahrnodahati ami Nagpur was uudortakon for this purpose and per- 
sonal contacts with the patient or his family wore made, wliero possible, 10 pedigrees have 
been eollectod. 

4. The average longevity, basoti on 14 haemophiliacs, has been found to bo 14- 11 years. 
Out of the above 14 oases, 10 belong to a pedigree from Bengal, in which the average longevity 
works up to 12*25 years. 

5. 15 haemophiliacs wore living at the time of enquiry among the afTected number of 
42 from 8 families. The ulTocted auinber iiicroasos to 52 when the total hospital data are taken 
into occovint. One death out of the latter 10 is known, 'fhus wlicii the family and the hos- 
pital data are combined there have been at le*vst 28 deaths in a total number of 52 affected ones. 

6. 3 liaeraophiliaos are married, having a total number of 10 children. 

7. A female haemophiliac child has lx?on recorded, though the diagnosis sliould bo con- 
firmed by latest laboratory methods. 

8. The incidence of haemophilia appears to show a higher concentration along the wes- 
tern regions of the country. 

9. Improved clinical diagnosis is rot^uirod, whereby the other two variants of the disease, 
namely parohaomophilia and Christmas disease, which are assumed to be allolomorphio vari- 
ants of h(u>mophilia, can bo differentiated. 
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I. Introduction 

The qu^tion of affording protection to lish life has not received as much atten- 
tion in India as in many progressive countries where opinions of expert fishery 
scientists are invited and their recommendations rigidly executed whenever damag(^ 
is feared to fish life by the construction of dams and discharge of industrial wastes, 
Begiiming with an editorial article in the Cnrrnit Srirna' (1938), Fowler (1939), 
Hora (1942), Malden (1943) and Bhaskaran (1947) have stressed the need for pollu- 
tional studies in rivers to protect fish life from the injurious effects of factory wastes 
and sewage contamination. Some investigations thereafter were conducted on 
the subject by Hora and Naii* (1944). Nair (1944), Oanapathi and Alikunhi (1960) 
and Ganapathi and Chacko (1951). Observations on utilization of domestic wastes 
and sewage for fish culture were described by Bose (1944) and Fowler (1944). 
Data from mainly a sanitary engineering and public health point of view wore 
collected by Modak (1938) and Seth and Bhaskaran (1950, 1952 and 1962a) the latter 
making some observations also upon the possible conversion of such wastes into 
valuable by-products. 

The present study was conducted during 1945 under the guidance of Dr. B. S. 
Bhimachar, the then Fisheries Officer, Mysore State, as a result of an enquiry by 
the I.C.A.R. to the State Government. A detailed report was prepared in 1946, 
but it was not possible to compile it in the form of a scitnitilic paper till now, although 
a short account was presented at the Indian Science Congress Session (1946) by 
Bhimachar and David (1946). 

II. PllYSIOGRAPlIlCAL FEATURES OF THE BhADRA RiVKR 
NEAR THE FACTORIES 

The Mysore Paper Mills and the Mysore Iron and Steel Works are situated on 
the left bank of the Bhadra river in the township of Bhadravathi in Shimoga district. 
The hilly and forest catchment of the river Bhadra, which together with the Thunga 
forms the Thuiigabhadra, is about 950 sq. miles with an annual rainfall of about 
150 inches, which is variable between 40 and 202 inches. The total length of 
the river is only about 115 miles, covering elevations between 5,540 and 2,000 
feet above m.s.l. and hence is sub-montane in character. It has a perennial flow 
with a maximum discharge of about 90,000 cusecs during the height of the monsoon 
and a minimum flow of 75 cusecs during the driest part of tlie year, i.o. May. 
The course of the river is tortuous, and its bed is carved out of hard granite rocks 
forming precipitous banks, ravines and rapid vortices. At Bhadravatlii, the river 
enters comjmratively the drier part of Shimoga district with an undulating country- 
side and is mainly rocky with occasional sandy and gravelly patches. The right 
bank (being lower than the left) is subjected to overflows whenever there is a 
moderate rise of water. Exposed sandy part of the bed is generally covered by 
a scrubby and bushy vegetation. There are numerous broken up chamiels, quiet 
pools and riflles fit enough to shelter a good fish population in the stretch of the 
river near Bhadravathi. The river is only 300 to 525 yards wide without any 
appreciable sized stream bringing into it a fresh supply of water below Bhadravathi. 

A low masonry weir (sketch map) across the river serves to maintain suflScient 
depth for the intake of water by the Iron and Steel Works. For avoiding con- 
tamination by the pollutants, the outfall of the Paper Mill effluents is led below 
the weir. Wood distillation wastes and washings from the Steel Works are, however, 
drained below the railway bridge, some half mile below the first discharge head. 
Between the weir and the road bridge, for a distance of nearly a mile, the flow in 
the river is restricted to the right bank during the dry months, exposing part of 
the river bed on the left. Presence of a large reservoir-like pool of about half sq. 
mile in area below^ the road bridge observed at the time was of some importance 
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in thiB study as it acted as a Beptic-cum-recovery pool for the combined effluents. 
A email pool (cul-de-sac) at the mouth of a dried up minor stream (sketch map) on the 
right was often found to shelter affected fish. 

III. Physico-chemical Nature op the Trade Wastes 
AND THE Effluent Diluted River Water 

The MyfK)re Iron Works commenced functioning in 1924 when smelting of iron 
ore from the nearby quarries with wood charcoal specially manufacture in an 
accoHsory wood distillation plant was undertaken. Later, several new factories, e.g. 
a paper mill, steel rolling mill, cement factory, fire bricks factory, etc., were set up 
close to it. During the war years the problem of water supply was considerably 
aggravated by the fac^t that the river water began to be contaminated by effluent 
discharges of the pixjxn* mill. Though there do not appear to have been com- 
plaints originally, only after the establishment of the paper mill (sometime during 
I9I19) the ynillution of the water was brought to the notice of the Government 
owing to the bad odour and discoloraiion. Thereafter, a few tests were carried 
out by the State’s Ch<‘mical Examiner, but no effective remedial measures appear 
to have been taken. During itivestigations in 1945 the work was handicapped 
for want of a chemist and laboratory facilities for water quality tests, such as 
determination of B.O.D., etc. Hence the author has relied mainly upon a few^ 
chemical tesis which himself could undertake in the laboratory of the Iron and 
Steel Works. 

(a.) Pulp and Paper Mill< 

( 1 ) Process of Paper Mannfaetnrr 

The Mysore Paper Mills mantifacturo various grades of writing and printing 
paper from bamboo pulp. Its production during 1945 was about 12 tons jxr day 
from an average of 25 tons of dried raw bamboo. Manufacture of pulp is by the 
‘Sulphate’ process. Well-dried bamboo chips are fed into three digesters followed by 
a solution of sodium salts such as caustic soda and sodium snlphato together with 
calcium carbonate. Under high iressuro cooking with steam at IbO^C., sodiuni-bi- 
sulphido is produced which together with caustic soda softens the fibrous tissue 
separating the cellulose pulp from lignins and pectins. The ‘spent lye’ or a mix- 
ture of waste chemicals which is a black a\rupy liquid is evaporated, dried and 
incinerated with an addition of sodium sulphate. .Most of the lignin is burnt in 
this process partly supplying the combustion heat. The resulting ash is dissolved 
in water to form the ‘green licpior’, which after caustieixing wdth lime produces 
the ‘white liquor’ for re-use. Recovery processes are usually adjusted to ket^p 
pace with production of pulp, hut in emergencies such spent lye may be let out into 
the general wastes causing the fish mortality reported often from sites of many 
paper mills in India. The amounts of chemicals and raw materials utilized and the 
products obtained per each production day (during 1945 and during 1955) are as 
in the following Table. 

During 1945 one ton of chlorine was being produced to obtain the required 
quantity of sodium-hypo- chlorite for bleaching pulp and 1-5 tons of alum and 1 ton of 
rosin wexe also employed in the paper machine for sizing. There appears to be a 
proportionate increase of nearly twice the above figures during 1055. 

(2) Nature of Paper Effluents 

The waste liquor from the digesters contains the original cooking solution in 
oombination with nearly all the cellulose constituents of the bamboo and a complex 
mixture of sulphur compounds with organic derivatives like mercaptans, ligno- 
Bulphonates, fatty and resin acids. Some amount of formic and acetic acids are 



A. DAVID: 8TDDIKS ON THB POLLUTION OF THB BHADRA BIVBB F18HXBIBS 13fi 


Raw materials 

1945 

i9r>.'i 

Products 

1945 

1 1966 


Tons 

Tons 


Tons 

Tons 

Bamboo 

25 

60 

Pulp 

10 

24 

Bags 

3 

3 

Paper 

12 

20 

Waste paper 

2-5 

3 

Cardboard 

0*5 

1 

Caustic soda 

1 

3 


Mil, gals. 

Mil. gals. 

Sodium sulphate 

Lime stone (calcium car- 

3 

6 

Ellluents 

2 

' i 

3-5 

bonate) 

^ 1 

14 


i i 


China clay 

2 

4 


i 1 


Sodiiun cliloride 

2 

•> 


j 1 

i 


Mil. gals. 

Mil. gals. 

1 


i 

i 

Water 

3 

4 


1 

1 

1 


also present. Untreated alkali and alkali sulphides also go into solution. A high 
percentage o{ fermodabh sugars are also found in such wastes, but in bamboo pulp 
wastes, this can be considerably higher. The relief gases whii h condense contain 
also the bad smelling mercaptans, sulphur-di-oxido, di-methyl-sulphide, methyl 
alcohol, ammonia, etc., with traces of turpentine and similar aromatic oils. Chlorine 
utilized for bleaching pulp is also washed off mostly as chlorides. As chlorine 
readily forms compounds with organic substances, a number of such compounds 
may be present in the elfluents. The total rate of discharge ol eflluents into the 
river works out at 1,.‘18<S and 2,430 gallons per minute respectively during 1945 and 
1055. Considering that the How of water in the river at a modest estimate is 72-80 
cusecs (472-.505 golions) per second in April and May, the completed dilution of 
the paper e/lluents in the river works out at between 185 and 208 times in 1945 and 
lOG and 120 times in 1955. These dilutions are for the drie.Ht niontlis of the year 
in April-]\Iay after stabilized conditions prevail (following the previous monsoon 
floods) for about seven months. 

Tho mixed cfTlueut originating from the variotjs plants is usually brownish, 
but is variable in colour, smell and other properties, becoming light brown, grwm 
or yellow, but is always ill-smelling, pungent or irritating, depending upon tho nature 
of washings. Tho Chemical Examiner’s reports show tlu- following fliu^tuating 
values : — 


Miiiinium ; Muximurii 


Total Bolidrt 770 

Suspe^nded solids . . • . ; 180 

Dissolved solids . . . . 590 

Oxygon absorption in 24 hrs. . . 32 

Chlorine . . • ♦ 80 

Sulphide as H 2 S . . • • 40 


p.p.in. 

1,460 

580 

880 

S3 

200 

47 


In samples of undiluted effluents, suspended particles settle to about J of the 
graduated cylinders. Allowing to settle for 24 hours or boiling did not destroy the 
smell nor colour of the liquor materially. Though all fibres were removed by filtra- 
tion, filtrate did not lose its colloidal nature due to suspension of sulphur fre^ 
from sulphides by oxidation. It is obvious from the table that the values of dissolved 
solids are much higher than suspended solids. 
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(b) Wood Disiillaiion Plant Efflnents 


Smelting iron ore with vood-charcoal^ a rare process, is profitable in Mysore 
on accoinit of the abundance of forest wood. Charcoal is manufactured in the 
ancillary wood distillation plant oi the Mysore Iron and Steel Works in airtight 
iron retorts where uniformly cut raw wts)d is subjected to slow destructive distilla- 
tion. Vapours are conde-nBcd into the valuabh^ pyroligneou.s liquor which is sub- 
jected to solvent extraction and fractional (listillation to isolate acetic acid, wood 
naphtha, wood tar, nudhyl alc.olu^l, methyl acetone and formaldehyde. The average 
quantities of the above producjts are os follows : — 


Amount of raw wood usc<l 
Cluircoal produced . . 
Pyroligneous liquor . . 
Acetic acid 
Wood naphtha, crude 
Wood tar 
Methyl alcohol 


JOG tons (per day) 
25 „ 

10,000 gallons 
15 tons 
250 gallons 
2 tons 

100 gallons ,, 


Amount of effluents generated — 10,000 gallons per day. 

In addition to the above components, unrecoverable pjToligneous liquor is let 
out frequently when acidity falls below 2 per cent. 

The effluent which is disc^harged into the river is a brown liquid with a pyro- 
genous smell holding minute quantities of phenolic bodies and tar particles in suspen- 
sion and contains about ()'3 per cent acetic acid. Its estimated flow into the river was 
about 7 gallons per minute. I'hc flow being slow in the open meandering drain, 
much of the suspended particles tend to settle to the bottom, forming an impervious 
sticky bottom of hard tar. 


(c) Af/f'ctejl River Water 

The eflluents from the pulp and paper mills are led into a small open settling 
tank whicli, having silted up, sieved no useful purpose at the time of these studies. 
Overflow from this swampy tank was then led into a 2 ft. diameter pipe which carried 
it by gravity to the river’s bank for a distance of nearly a mile, to discharge with con- 
siderable force into the river below the weir (sketch map). By an eight feet fall and 
the presence of caustic soda and other alkaline mixtures, a huge amount of soapy 
froth was being continually generated at this spot. The characteristic sulphate 
mill smell of mercaptsns was very strong in the vicinity. A dirty greenish black 
Hub-8oil of 0-8 ft. depth covered the river’s bed at the outfall where foul-smelling 
gases could be observed bubbling up. Pulp with })recipitated gritty chemical .sub- 
stances formed cardlx^ard-like layers, which constantly peeled off from the dry 
river margin. The effluents impart ('d a dark brown colour to the water close to the 
left margin, clearly demarcating the polluted waters on the left bank from unpollu- 
ted water until admixture took place almost completely close below the road 
bridge. The discoloration persisted in the Bhadra till its confluence with tlu^ 
Thunga. 

Ab dilution of the paper effluents increased in the Avater, a dark soft ooze became 
perceptible at the bottom, blanketed by colonies of whitish fluffy fungus-like higher 
bacteria and Tvbifex worms. A good amount of pulp fibres and silt were also caught 
in these colonies which gradually built up a loose anaerobic substratum. Roughly, 
this part of the river may be designated as the paper wTvstes’ pollutional area, though 
somewhat complicated by the addition of wood distillation wastes part of the way 
below the railway bridge. 

In the following table, results of several chemical tests that were carried out by 
the author during summer months of April and May are given. Three series of 
teats were conducted on samples collected at stations 2 and 3 and one series at 1, 4 



A. DAVIB: STUDIES OS THE FOLLUTION OF THE BHADBA BIVEB FTSHSBIBS 187 


and 6 on different days spread over a month. Where fluctuations were high, both 
the maximum and the minimum values noticed are given (on different (hi>ys), 
but when low, only averages of the readings are noted. The Chemical Examiner’s 
reports indicate that the river water has a B.O.D. of 0-5 p.p.in. in 12 hours and 17 r> 
p.p.m. in 24 hours at 65°F. wliich is quite higli. According to Oehin (1948), 550-750 
lbs. of B.O.D. are discharged per ton of pulp produced in America, and this is mainly 
due to the sugars present in the wood used. These values are likely to bo much highei- 
in bamboo than in American forest woods. Re|)eated tc.ists did not reveal even 
traces of ammonia in samples of water collected for a mile below the paper effluent 
outfaU, showing the low nitrogen content. 


Tarlk 1 

(.4/./ values given are parts per tnilliort --p.p.m.) 


Station 


1 . 

Unpolluted waters (above weir) 

2 . 

Above railway bridge. Polluted with paper 
mill effluent 


3. 

Between bridges. Polluted witli Ixith paixir 
mill and wood distillation plant effluents 


4. 

Below road bridge 

5. 

Close to confluence of the Bbadrn witli the 
Thunga 


DiBeolvod 

oxygon 

I 

DiBSolvod 1 
carbfui- ' 
: dioxide 

DiHsolvod ! 
chlorine 1 

' r)i««olvcd 
hydrogen 
sulphide 

1 

11-2 

! 

4-84 



H-66 

5*48 

10-64 

8-00 

to 


to 

to 

lO'OO 


19-00 

15*2 

8-4 

4*7 

7-55 

2-58 

to 




9-3fl 




8-08 

3*06 

7-80 

2-04 

10’24 

1 

4-2 ! 

i 

0-36 

0-82 


From an inspection of the foregoing values it is observed that the river being 
a casc4iding type, slightly higher D.O. in surface waters is not unusual. It is only 
slightly reduced when the paper effluents mix with the river water. It is also not 
too low in observation points downstream, indicating thereby that known lethal 
limits of oxygen depletion arc perhaps not generally reached in the waste-diluted 
portion of the river. Amount of CO 2 in river water does not seem to be greatly 
affected, but an intense photo-synthetic activity by chlorophyll bearing phyto- 
plankton and higher flora cannot bo entirely ignored in station 4, where slightly 
low^er values were observed. Lethal limits of CO 2 saturation are not often reached 
but fish are known to be highly resistant to free CO 2 , and only prolonged exposures 
to 60-100 p.p.m. of free COo dissolved in water prove lethal to most fish (Doudoroff 
and Katz, 1950). 

It is also seen that free CI 2 in undiluted i)aper wastes varies between 80 and 
200 p.p.m. (Chemical Examiner’s report). A value of os much as 9*36 p.p.m. in 
river water 11 miles below may be an interesting exception duo to excessive hypo- 
chlorite washings. It may be mentioned here that these values are many times 
higher than the known lethal doses of 1*00 p.p.m. Since several sulphur compounds 
are utilized in the paper mills producing complicated mixtures, only the inter- 
mediary total sulphide values were determined. A total sulpliide value between 
40 and 47 p.p.m. in the raw paper effluent is variable on dilution only between 
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8*00 and 15*20 p.p.m, in the river water and indicates that accumulation of sulphide 
occurs in the stream. Thereafter it gradually diminishes to 0*82 p.p.m. lower down. 
Precipitation of sulphur compounds invariably takes place and production of H 2 S 
from the soft sub-stratum also occurs in appreciable amounts as evidenced by the 
numerous bubbles released. 


IV. Biotal Studies 

(I) Methods 

For purposes of biotal study, the several areas were designated roughly as 
follows : — 

(1) Zone I — ('lear Water A rea — Comprising the iincontaminated river stretch 

above the weir. 

(2) Zone II — Paper Mill Polluted .Iw/- -The river stretch between the paper 

wastes outfall and the railway bridge. 

(3) Zone III — Pollutioual Area of both the paper mill and w^ood distillation 

plant wastes — Between the railway bridge and the road bridge. 

(4) Zone IV'- Sci tic-cu tthRceovery Area — Large pool some distance below 

road bridge and eonneeded channels. 

(5) Zone V — Recovery Area- — Nino miles stretch below the largo pool to tln^ 

confluence of the Bhadra with the Thunga. 

Besides the above, the undiluted paper mill and wood distillation waste channels 
have been considered separately for biotal studies together with their connected 
stagnant pools. 

For a better undf'rstanding of the nature of biota (excluding fishes w’hich are 
dealt with in a separate chaffer) and their distribution, comprehensive collections 
of flora and fauna wore made both qualitatively and to a lesser degree quantitatively. 
Floating and swimming organisms vv'ere collected by a circular close-moshcd hand- 
net with a bucket provided at the apex. For deeper areas, an ordinary ring plankton 
net was used with a long hauling-in cord. Ooze along the margin up to a v/ater 
depth of 2 ft. w'as collected by pushing a semi-circular-shapcd hand-net provided 
with te(?th along its diameter, and thus well adapted for scraping the surface. Care- 
fid attention was paid for collecting ‘epiphyton’ (organisms coating submerged 
objects) whore ordinary scalpels and watih glasses were used. From inaccessible 
[)()ols of over 4 ft. deptlis, sub-surfaco bottom tows wore made by nets mounted on 
runners and the deep bottom sludge by a toothed triangular dredge similarly mounted, 
both provided with long cords for hauling. The collection equipment was made 
locally according to Keighard\s designs (vide Ward and Whipple, 1945). 

As far as possible, uniformly identical hydrological conditions, such as currents, 
depths, sub-strata, etc., were chosen for comparison from one part of the river to 
the other while collecting organisms. Bottom sludge was washed in glass jars and 
macro-fauna hnnd-pickcd and counted. In case of specific indicator organisms, 
their counts wore made to compare their density in each square foot of water not 
exceeding 5' in depth at suitable intervals. As these studies at best could only bo 
relative, the intensity of distribution of the various groups are expressed on lines 
usually indicated in such studies and denoted as abundant, very common, 
common, fairly common, infrequent, rare and absent. 

In Table II, the list of organisms provisionally identified up to the genera or 
family is given for easy reference. 


(2) Distribution of Biota 

(a) Zone I — Clear Water , — A reference can be made to Table II where the 
several organisms found in the unpolluted natural water are listed. Peculiarities 
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Mastigophoro (5 species) 
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Unidentified spp. 



Table II — (Contd.'^ 
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Corixidae . . 

Trichoptera (several genera) 
Lepidoptera — Pyratistidae ? 

Coleoptera — Haliplidae, . 

Dytiscidac (several) 

Qyrinidae . . 

Hydrophyllidae 

Hyvienoptera (several spp.) 

Dipiera — P&ychodidae (Sand flies) . . 
Dixidat 

Culicidae (several spp.) 

Chironofnidae 

Simulidae , . 

Leptidae 

Syrphidae (EristalU and several 
others) 

FLORA 

EubacterialeS‘Bacteri& (Unicellular) . . 

Chkimyd obacteriales 

Crtnothrix . . 

Beggiota 

Thiobacteria (several types) 

Fungi (LejdothrixJ) and several 
varieties 
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Dbserved in their dintribution are discussed with reference to the polluted areas in 
the ensuing paragrapLui. 

(h) Paper Mill Efflueyii. — The raw effluent is not entirely devoid of organic 
life (Table Jl), tliough there appears to be an absence of bacterial life due to the bac- 
tericidal action of excessive alkalies, chlorine, hypochlorite and sulphurous acid. 
A few colourless Ciliata such as Colpidiurn, CJiaenia^ Paramaecium, insect larvae 
such as those of (Jvlicids, Chironami^ and Haliplua and two small adult Dyiiscid 
beetles constituted the animal life of this toxic water in the aged stagnant pools 
where no fresh eflluent admixture was taking place. A few Diatoms, namely JSavi- 
cula, Pinnvlaria, Gmnphonerna and Fragillaria, and some Euglininae and Cyano- 
phyccae, like Knglenay Oscillataria, Nosloc, Spirulina and Batraclioapermurn, represen- 
ted the aquatic plant life. Presence of Typha and other grasses on the margins 
of the overflow tank, together with a thick growth of some other weeds, showed 
that the rooted plants probably do not die out in the effluent fed water. A large 
number of frogs inliabited the edges of the pool indicating thereby that the effluent 
is not toxic to them. No tadpoles were, however, found in the area. 

(c) Wood Distillation and Iron Works — Absence of any animal or 

plant life in the flowing wood distillation waste liquor, mixed with sulphuric 
acid from the steel plant, is not surprising as it is highly acidic. But the fluffy, 
brownish floating scum formed on the surface of the stagnant sandy pools in 
th(i river bed consisted of a dense growth of Fungi conglomerated with various 
kituls of Bacteria, Diatoms, etc. Of the latter, Rhapolodia, Mastogloia, Eunotia 
and of the Dosmids, Cosynarivm, Me.rismopmdia, etc., may be mentioned. Some 
Protozoans, Tracheilns ^ Sarcocystis and Paramaeciv were found attached to the 
wet undersurface of the flocoulent substance together with Rotifers, Monosiyla^ 
JHplois^ Eotens and Mtlicerta, Oscillatoria and Nostoc were also found in this 
surface scum. Though the raw liquor is highly toxic, due perhaps to the formation 
of complicated sugars by polymerization of numerous aldehydes present (on prolonged 
exposure to atmosphere), favourable conditions for their growth arc created which 
support an aerobic life. A dark ooze at the bottom consisting of fine tar particles 
supported a fairly rich Bacterial and Protozoan life of the anaerobic type. These 
included, among Bacterial group, unicellular Bacteria and the higher group of both 
septate and non-septato ‘Fungi ^ LeptotliriXy and amongst the Protozoans mainly the 
shell forming varieties Sarcodina, DiMugia, Actinopoda, Arcella^ Euglypha^ Ceniro- 
pyxis, etc, A number of colourless Infusorians, namely Sarcocystis, Paramaecium 
and a variety of colourless Flagellates, were also observed. f Raymond and Lindmann 
(1942) have stated that colourless Flagellates can tlirive under highly anaerobic 
conditions. Clusters of ‘rat- tailed maggots’ of Eristalis fly within the sludge are 
further evidence of a high degree of anacrobicity of the bottom. According to 
Campbell (1939) these maggots thrive in the short zone of active decomposition 
where anaerobiosis flourishes along with anaerobic Protozoa. Such conditions are 
always associated with an absence of Fungi and green plants. Larvae of Psychoda 
fly and Lepiid pupae (snipe flies) were also found in abundance in this area with the 
adults hovering on the damp edge. Two species of Copepoda and one of Cladocera 
were collected only occasionally in the aged pools. Three to four species of 
Diatoms were also observed in the ooze. It is obvious from the above that a 
certain amount of breaking up of organic components, e.g. by Bacterial activity, upon 
phenols and polymerization of organic acids, may occur in the wood distillation 


* Author hai» siuoo noticed a fairly good vegetable gardening practised by direct utilization 
of paper oIHuonts at Dehri-on-Son© in Bihar, the raw ofHuents serving both watering and 
manuring purposes. 

t Well corked tubes in which ooze samplci# were kept without fixative showed living colour- 
less Infusoricma after a lapse of throe months. The original phenolic smell still persisted as 
obviously no chemical action hod taken place. Mfuiy generations of Infusorians must have 
lived iu the tube during this period. 
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effluent on long exposim to atmosphere and sunshine. In course of time this begins 
to support both aerobic and anaerobic life. This does not involve any dilution. 

(d) Zones II and III — Beiumn Effluent Outfall arid the Road Bridge . — ^The 
region between the paper effluent outfall and the road bridge is treated as a 
separate sub-unit for purposes of discussion here (unless otherwise stated) as the 
effects attributable to wood distillation effluents alone are obscured owing to its 
broken streamlets mixmg with the already paper waste-diluted water of the river at 
several points. This stretch is characterized by a dense growth of sheath-forming 
Bacteria (both septate and non-septate) of the Sphaerolitus {Crenothrix) and Beggiota 
types. At first sight their colonies may be mistaken for tufts of dirty cotton floes 
or pulp and even ‘flocculent deposition of certain salts*. It was further seen that 
several types of unicellular Thiobactei'ia and Eubacteria are also dominant in this 
stretch storing sulphur compounds in their cell structures. This fact is of importance 
as constituting one of the most potent hazards to fishes which feed upon the bottom 
muck. 

Thick masses of Tubificid colonies were the next important animal group. 
These aquatic Chaetopodans, mostly Dero, Stylaria and Tubifex, were found thriving 
side by side with fluffy bacterial colonies. Raymond and Lindmann {op. cit.) have 
found that their presence is a sure sign of high degree of anaerobiosis and that they 
have a capacity to split water into Oxygen and Hydrogen for their survival. Their 
gills further assist the process of oxygen absorption. The extent of projection 
from their tubes indicates the relative oxygen depletion in a bactorially active sub- 
stratum. Though well over f of their bodies were found to project outside their 
muddy tubes in the area near the railway bridge, hardly 1/8 part of their bodies 
were seen exposed further down 8 miles below, where a certain amount of recovery 
had taken place. Of these, Stylaria with its long proboscis was predominant in the 
area above the railway bridge and Dero more so below. Their decreased density 
lower down was not perhaps so much duo to any improved water conditions but 
to the presence of numerous minnows feeding voraciously upon them (see p. 141), 

Torrostrial Oligoehaetes wore absent in marginal areas oven slightly affected 
by polluted portion of the river flow indicating their great sensitivity towards per- 
colated effluent waters. These reappeared only two miles below the first outfall. 

Protozoa generally increased in density but showed a decided decrease in Para- 
maecium and Chaenia; whereas Arcella, Nebela, Phryginella^ Colpidium^ etc., wore 
recorded from paper wastes polluted region, Acimopoda, Euglyjdm, Tracheilus and 
Sarcocystis were found in the area where there was an admixture of wood distillation 
wastes as well. Turbellarians and free swimming Nematoda were found in the 
first part of the stretch above the railway bridge but were absent below it in the 
wood distillation waste affected part. Though a few Rotifera, i.e. Monostykiy 
Diplois, Notevs and two species of Melicerta, were only occasionally found in the 
first part, their population was very common in the wood distillation affected area. 

Molluscs of which Gastropods, Vivipara, Melania, Pleurocera and IndoplanorbiSf 
and two Pelycepoda — Lamellidens and Corbicula — entirely disappeared from the 
affect^ region reappearing only gradually in Zone IV below showing their groat 
sensitivity to pollution. Clusters of their colonies were seen in puddles form^ of 
fresh sewage water far above the margin of the river water, the animals evidently 
having migrated to escape pollutional effects. Amongst the Entomostraca, one 
species of Copepoda, two of Daphnia and one of Boamina only survived in the region. 
One of the former, a pink variety, was collected from the deep ooze in association 
with Chironomid larvae. Ostracods were not represented. 

Of the aquatic Insects, Dytiscid and Hydrophyllid beetles, Nepidae (one species), 
Odonata — Aniaoptera (Dragon fly nymphs), Culicidae, Chironomidae and Dixidae 
were recognized. Eriatalis and Leptid fly larvae and pupae were rare in the mainly 
paper waste affected area above, but were collected in the second part below spots 
where wood distillation effluent mixed with the river water. An interesting black 
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Acridiid cricket, probably Scelimena gp., which was not observed in the clear waters 
above, wag found in abundance in the margins hopping in and out of the water. 
This ampbibiouH (Ticket (sliglitly smaller in size) was also collected in the sludge 
from depths of 7-i) ft. in .scores during bottcjin hauls with the dredge. It was appa- 
rent that the 8[KM‘i(5s is as.sociated with the septic sludge containing either a Bacterial 
sub-stratum or Tubifii id worms (or both) as these may well form its food. A large 
number of (.’hironomid larvae, ‘blood worms’, was found in this region both from 
the margins and in muck in 8 ft. dejith or more. Egg masses of this fly were obtained 
from the water margins. ‘Water Scorpions’, Nepidae, probably Laccotreplies 
(Ranatni was not found), weio freely collected except at the vicinity of the outfall 
of the effluents. The insect is a])parently unaffected as its breathing tube projects 
out of the water and it does not hence suffer oxygen depletion. Two species of 
Notonectidae and oni? (jf Corixidao were occasionally collected from many isolated 
areas, but tlieir numbers were never high. Dragon fly nymphs were in abundance, 
their population greatly increasing towards the large pool below the road bridge. 
Mostly adult Diptcran insects, such a.s Midges, Chironomids, Snipe flies, Syrphus 
flies (Syrphidae), Dixa midg(^s (Dixidae), Moth flies ( Psychodidae) and Mosquitoes 
(Culicidae), were common along the affecU^d river margin. Largo numbers of Spiders 
and Ants (Hymonopt(Ta) were found aedive uloiig the damp margins, having obviously 
been aitraeded by the abundaiit food animals and decaying subsiancos present. 
Many of these were also being carried by breeze into the running water thus account- 
ing for th(ur jTesence in fish g\iis. 

A great iucrcaHC in the occmTen<*(^ of Bacillariophyceae and Myxophyceae, namely 
( \}HCinodiHCUH, Pleumsigtfia, Xavicn(n, Plnnularia, Oomphonema, Fragillana and 
Adnionella., was observed in this stredeh. Cyclotella was first recorded here and 
showed an increase low(‘r down. (M'illaloria and NostoCy abundantly seen earlier, 
docrea.scxl relatively downwards. Of the (liloropliyceao only Pamlorina, Ankisiro- 
desnuts and W'ero repres(*nted in the river above the railway bridge, but 

the first two disappeared in tfie eotiiaminated wood distillation waste part of the 
rivuu'. 

(c) Zone. IV — Pool hvloir Road Bridfje , — The main septic area is confined to a 
large pool some distan(*(‘ below the road bridge. This pool showed, at the time of 
these observations, all the charaeteristics of a heavily manured pond. There was a 
thick d(q)osit of soli mud consisting apparently of humic matter and silt mixed with 
(lisintegraiing pulp fibres wliieli contributed towards an unprecedented growth of 
fauna and flora rarely seen in the course/ of a running stream. The hardly 
perceptible current further helj)ed a more stabilized aquatic life to emerge and 
multiply. It is obvious from Table II that practically every group of aquatic 
organism is rojTesented liero unlike in a pond or a reservoir, where only a few groups 
can 1)0 obtained at any one lime. The constant renewal of nutriments as well as 
an adccpiate supply of oxygen and earbon-di-oxide during the preceding months of 
stable water conditions, enhance chances for c( 3 lonization of the pool by most 
varierics of organisms that may drift into it. 

Free living Bacteria of types earlier mentioned were found abundantly in the 
sludge but the fungus colonies occurred only frequently. Amongst the Protozoans 
almost each tyja^ mentioned earluT together with several additional species, e.g. 
Atnoebay pydimum, liydro^phaeaia^ etc., were recorded. Hydra and Porifera 
(two species) reappeared in the pool. Turbellarians — Caiennla sp. ( ?), free living 
Nematoda, etc., also increased particularly in the less polluted right portion of the 
river amongst vegetation. An abundance of Rotifers, as listed in the Table, gives 
a fair indication of the fertilizing qualities of the pollutants involved. Chaetopo- 
dans, earlier listed, were less in density on account of mainly smaller shoaling fishes, 
wriich were found to fe(?d upon them heavily. 

Reappearance of Molluscan life in the pool is indicative of a certain measure of 
recovery, but some of the riverine forms of Gastropods, like Pleuroceray occurred 
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only along the infrequently seen clean sandy patches towards the comparatively 
sludge-free right margin. Gastropods were found to be more sensitive than Bivalves- 
Unionidae of which JAimellidois was collected from the sludgy depths of 5-6 ft. 
Many of them were the largest seen in any river, being about 4*" in length, Several 
freshly dead Gastropods were also found and many had migrated to the exposed and 
half-submerged portions of rooks to avoid continued immersion in water as was 
evidenced by their clustering together. But on the right margin they were found 
amongst vegetation, where they also bred as seen by the mucilaginous masses con- 
taining their tiny shells. Though Lt^chos — Hirudinea — were unrepresented else- 
where, a species nearly V long was found in largo numbers on one of the Gastropoda, 
probably parasitic on it. A variety of Gastrotricha, as distinct from the one already 
rioted in the polluted area earlier, was noticed amongst the vegetation. Eritomos- 
traca was the most abundant major animal group, swarming in the sliallower regions 
of this pool, or creeping along the sub-stratum and vegetation, and some even found 
burrowing in soft ooze. A pink coloured Cladocera (the same as found in the pollu- 
tional area) up to a size of 4-5 mm. could be collw'tod in abundance. Yet another 
species of a size well over 5 mm. was collected while half buried or creeping along the 
soft ooze, oil the left polluted margin of the river. Brightly coloured Ostracods 
reappeared in this pool along witli Hydracarinae (water mites) which were found in 
ajjpreciable numbers. No crabs were noticed, but several prawns wore found dead 
or dying, and a few well grown specimens wore obtained on the vegetation. 

Among insects, a species of Lepidoptera, probably a Pyralid or a Pyraustid 
larva, was found witliiu cases built of Jlydrilla leaves. These larvae showed 6-8 gills. 
Caddis flies (Trichoptera) were well represontod, but Ephemerids and Plocopterans 
were rarely seen. Damsel fly nymphs reappeared in tliis area having been earlier 
recorded only in the clear water stretch. Dragon fly nymphs, however, wore in great 
abundance. Flat bodied Naucoridae were gathered from 6-8 ft. depths in the dredge 
hauls particularly close to spots whore two of the wood distillation waste channels 
emptied directly into the pool. 

Amongst the aquatic vegetation, presence of numerous Desmids on the right 
side of the pool was a striking feature (Table II). KSimilarly, Volvox, Pandorinri^ 
Eudorhui, Evglena, etc., reoccurred in this stretch. An abundance of Phwromra, 
Navlcula, Pinmlaria, Gomphonema, Fmgillarki, Asterionellu, etc., amongst Diatoms 
was attributable to the pollutional effects as noticed previously, but their unabated 
intensity hero was probably an indication of incomplete recovery. At the same time 
occurrence of Spirogyraj Zygnema^ Volvox, Hydrodictyon, etc., showed that in parts, 
at least, some recovery had taken place, A variety of submerged vascular vegetation 
listed in the Table blanketed the pool contributing to the purificatory processes 
and also sheltered a rich aquatic life inclusive of fishes. 

(/) Zone V — Between the Pool and the Confltience, — In this stretch commencing 
below the large pool for a length of 8 miles up to the river's confluence with 
the Thunga, the hydrological characteristics of clear water area above the 
weir were more or less repeated. The sub-stratum was sandy and the flow was 
comparatively fast interspersed with rapids and channels. Masses of black humic 
deposits with isolated fluffy ‘Fungus’ type Bacterial colonies of Sphaerolitua 
occurred occasionally. But numerous unicellular sulphur Bacteria were found in 
the soft ooze. Recovery cannot bo said to have fully taken place even in this stretch 
as Tubificid worms were still seen, but their muddy holes were generally empty, the 
animals having been preyed upon by active minnows. Fauna and flora of this area, 
though quantitatively less than in the preceding area, was equally rich in variety. 
Additional organisms recorded here were Chmtoaphaeridiumy Tribonerm and Micro* 
aierias. Sponges were much more in evidence especially near the confluence with the 
Thunga as in the clear waters. Nymphs of Caddis flies and stone flies were also 
collected. 
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V. Experimental Observations on the Effects of Paper Factory and 
Wood Distillation Wastes upon Fish Life 

Simultaneous with the foregoing biotal investigations, effects of various concen- 
trations of effluents upon tish life were studied both by a few direct experiments 
and by extensive field observations. As elaborate methods for bioassays could not 
1)6 undertaken, reliance was placed mostly on actual field data. As the main object 
was to estimate in broad terms the causes of damage to fish life directly by toxic 
effects and indirectly by hindering normal feeding, breeding and migratory habits 
of fishes < — hence to fisheries, studies made are found fairly adequate. 

(1) Experimental Studies on Survival of Fish 

As dilution of waste ingredients in the river varies continually, it was hardly 
proper to use a sample of water taken at any particular spot to carry out survival 
tests in tlie laboratory. Assessment of percentage concentrations of toxic substances 
couM not also be done owing to the complicated nature of mixtures and lack of 
facilities. Since, during casual field inspections, there seemed to be no obvious effort 
by fishes to avoid polluted waters, it was decided to carry out survival tests in different 
parts of the river itself by keeping some of the fish caught in submerged baskets and 
obs^^rving their survival for prolonged periods. 

Four rectangular ‘live’ baskets of 2()"'x 14"' X 12'' dimensions with a small side 
door were made locally of thin bamboo strips so that any fish over 2^^^ in total length 

Table III 

RejnUts of mrviml tests on fishes in differently effluent diluted points along the river course 


Hpeciofl of flfili 

No. of 
speci- 
mens 

Hour 

1 0 

Clear water — 
Unpolluted 

Above Weir 

Point C 
Hours 

4 8 24 48 

Paper wastes 
pollutional 
water 

Above Rly, 
Bridge 

Point P 
Hours 

4 8 24 48 

Mixed effluent 
pollutional 
water 

Between Rly, 
and Rd. Bridges 

Point W 
Hours 

4 8 24 48 

Sop tic -cum - 
recovery pool 

Below Rd. 
Bridge 

Point K 
Hours 

4 8 24 48 

J Danio strigillifer 
Myers and D. 
malabaricus 
(Jordon) 

2 MysUicoleucus ogi- 

libii (Sykes) 

3 Chela argentea Day 

and 0, clupeoides 

3 

2 

3 3 3 3 

2 2 2 2 

1 


3 8 . . . . 

2 2 . . . . 

(Bloch) 

4 Rasbora danico- 

4 

4 4 4 4 

2 1 .. .. 


4 2 .. .. 

nius (Ham.) 

5 Esomus barbatus 

4 

3 3 3 3 

4 3 1.. 


4 4 3 2 

(Jerdon) 

e Cirrhina ftUungee 

2 

2 2 2 2 

2 1 . . . . 


2 111 

(Sykos) 

7 Oarra ferdonii Day 
and O, muUya 

2 

2 2 2 2 

2 2 1.. 


2 111 

(Sykes) 

3 

3 3 3 3 

2 2 2 2 


3 3 2 2 

Total . . 

20 

19 19 19 19 

13 9 4 2 


20 16 7 6 
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and about a thickness of could not escape. Four points along the river were 
selected, approximately as shown in the sketch map : C — as control in the clear water, 
P — close above the railway bridge where paper effluents had been mixed with river 
water, W — between two bridges, where in addition to paper effluents, wood distilla- 
tion wastes had got mixed about 120 yards above, and R — below the rOad bridge at 
the very end of the large pool whore still an incomplete dilution of both effluents had 
occurred in the water. A number of small fishes of the region wore obtained alive 
from the imaffected clear water above the weir. These belonged to seven different 
genera comprising Mystocokucm, Danio, ('hela, Rashora, Esomvn, Qarra and Cirrhim 
ranging in sizes approximately between 2^" and 6'. In each basket 20 spocimeas as 
shown in Table III were introduced maintaining as nearly as possible a uniformity 
in size of different species. It is seen from the Table, that the selected species also can 
be broadly grouped into mainly surface or sub-surface, column and bottom feeding 
fishes. Except Chela-, Rasbora and Esornna (which are found in stagnant waters also) 
the remaining species are mainly rapid water or hill stream forms. Survival of these 
fishes was noted every hour for the first four hours and later every four hours for a 
period of 48 hours continually. 

Fishes of the stretch were obtained regularly by cast netting for a distance of 
5 miles commencing from the clean water above the weir up to 2 miles below the 
septic-cum-recovery pool. It was later observed that the affected fishes were in the 
habit of concentrating in the latter pool for shelter and food not found elsewhere 
in such abundance in the stretch under study. By examination of these and the 
catches of local fishermen much valuable data were procured. All these fishes were 
examined for gut contents, sigiLs of internal damages, as well as external marks of 
injury. t«ut contents were noted, with the nature and volume of food. State of 
digestive organs, such as stomach, liver, etc., and any peculiarities exhibited in the 
blood vessels wore recorded. Results of examination of 413 fishes are tabulated in 
the Appendix. Percentages of food have boon calculated from averages of total in 
each species which includes one or two empty or full guts whore 10 or more specimens 
were examined. 


(2) Observations 

When healthy Rasbora, Chela and Danio were introduced into the raw paper 
mill effluents in a glass jar, they died in 8-15 minutes exhibiting immediate distress. 
They showed violent gulping and jumping movements, flitted about in great confusion 
and died helplessly floating and recovering alternatively for short durations. All 
of them died keeping their natural balance and not turning their belly upwards. Death 
was later found to be due to severe asphyxiation and congestion of gills which had 
become swollen though there was no damage by bursting. Mucus on the gills was 
found to be coagulated even though body mucus seemed to have remained unaffected. 
In the raw wood distillation effluent, the same species of fish died within 2-3 minutes 
by still more violent gasping and jumping movements. They died dashing wildly 
against the sides of the jar turning on their belly with the operculum half closed and 
respiratory movements becoming feebler. Mucus on the body as well as on the 
gills was found to have coagulated and the lips and margins of the fin membranes 
had turned whitish. In samples of diluted river water taken between the bridges 
(where a certain amount of dilution by the wood distillation waste had taken place), 
these fishes died in 8-10 minutes. Death in this case was again due to asphyxiation 
of gills and loss of equilibrium as all these fishes floated with their belly upwards. 

In experiments with fishes kept in cages it was noted that one fish had died in 
the clear water zone after 3 hours, evidently as a result of an earlier injury at the 
time of collection. Corresponding to the paper waste diluted water, though 13 fishes 
survived at the end of 4 hours at point P, by the end of 24 hours, 4 survived and 
only 2 at the end of 48 hours. At point W, no fish survived at all at the end of 
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4 hours. In the thoroughly mixed septic-cum-recovery pool at R, all 20 fishes survived 
for 4 hours, 16 at the end of 8 hours, 7 at 24 hours and 6 at the close of 48 hours. 

The dead fishes were examined carefully. In many cases such post-mortem 
examination was rendered difficult as the dead fishes greatly putrefied within 4 hours. 
Most 8U8ceptif>le fishes in the order of their death were Mystacoleucus, Chela, Da^iio, 
Rdslxjra, EHomus, Cirrhim and Garra, In fishesth at had died at points P and R 
the gills were not congt^sied or choked by pulp, etc., but had turned whitish at point 
W, ft looked as if paper effluents alone were responsible for death of fish at R (and 
also at P) but wood distillation waste was lethal at W being quick to act even at 
slightly lower dilutions. Later to these ob8^)rvation8, it was found that no fish 
surviv(jd for more than oO-fiO minuU^s in water samples taken between the bridges. 
Sucfi lethal action apparently disap|3eared on higher dilutions below. All these dead 
fislu^s as well as the surviving ones showed empty guts indicating that they had either 
vomited or purged on <X)ming in contact with the pollutants. 

The surviving fishes in (;ages at P and R were in a dazed state as if narcotised. 
I’hey were all swimming in a sluggish aimless manner, but none had lost 
equiUhrium. There was a green tinge on the usually whitish coloured abdominal 
wall. None of these fishes attempted to escape wlien handled. This inactivity was 
not ohs(Tved in fishes kept as (control at C which were healthy and active even at the 
end ot 48 hours. Majority of thorn having had no access to food showed almost 
empty guts. Further, in fislies at points P and R, the entire abdominal cavity was 
found to have turned yellowish and exuded a strong smell of chlorine and sulphides 
indicating thereby that tlu^ tissues were capable of absorbing these noxious gases. 
Chokago of gills by pulp fibres or bacterial attacks was, however, not found to be 
the cause ol death in any of theses fish. On the other hand, the immersed cag(\s were 
thickly covchhI by inucalagiiious tufts of Sphaerolitus within 6-8 hours in all the 
three lower points. 

VI. Observations on Frsrr DiwStribution and (Jondition 

fn the course oi' investigations various species of fish found in the Bhadra at 
Bhadravathi were rocordcKl and their relative scarcity, if any, noted. Fishes 
marked (’**) are of economical value and those marked (ab) were either unrepresented 
or recorded very rarely from the atTe(‘ted stretch or above the weir in clear water. 

ub Notoplrruji notopteru^ (PalUvn) 

(Jhel4i clupciodej* (Bloch) 

( argmteii Day 

* Chela phiilo (W^iw.) 
fMubuca (itjxir (I lain.) 

rtb Barilius bendelisis Ham. 

Harilitw harila Hum. 

!i(irilin9 Ixirna Ham. 
ab Barilius gatensi>'^ (Cuv. & Val.) 
ab Barilius canarensis (Jordon) 

Danio strigilUfer Myers 
Danio nmlalxtricus (Jerdon) 

Brack gdanio rerio (Ham.) 

Esotniia barbatus (Jordon) 

Rasboni daniconim (Ham.) 
ab Osteochilus nashii (Day) 
ab Osteochilus thomassi (Day) 

Amhlypharyngodon melittinus (Cxiv, Sc Val.) 

Aspidoparia morar (Ham.) 

Barbus amphibius (Cuv, Sc Val.) 
ab * Barbus neilli (Jerdon) — Tor neiUi (Jerdon) 
ab ♦ Barbus khudree (Sykes) — Tor khudree Sykes 
ab ♦ Barbus kolus Sykes 

* Barbus pulchelius Day == B. dobsonii Day. 
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ab ♦ Barbus JUammtoaus Gunther ~ B, niahecola (Cuv. A Val.) 

* Barbus sarana (Ham.) 

Barbus sophore 
Barbus dorsalis (Jertlon) 

Barbus Ttarayafti Horu 

* Barbus lithopidos Day 
Barbus chola (Ham.) 

Oreichthys cosuatus (Hum.) 

Cirrhiua fulunyee (Sykea) 

Oarra jerchnii Day 
Qarra muUya (Sykes) 

Qarra bicomuia. Rao 

* Labeo potail (Sykos) 

* Labeo dussurneiri (Cuv. & Val.) 

Labeo porcellus (Haoekel) 

ab * Labeo fimbria tus (Bloch) 
ab ♦ Labeo boggut (Sykes) 
ab ♦ Labeo kawrus (Sykos) 
ab ♦ Labeo ariza (Bloch) 

* Labeo cajbasu (Ham.) 

* Schiz^naiorhyyichus luikta (Sykos) 
llohtee neilli Day 

Rohtee cotio (Ham.) 

Mystacoleiicus ogilibii (Sykes) 

Lepidocephalichfhys thermaiis (Cuv. Si Val.) 

Nemachilichthys sh Imogens is Rao 
N emachilus striaivs Day 
Nemachilus bhimachari Hora 
N emachilus sinuatus Day 
Nemachilus denisonii Day 
Nemachilus anguilla Aimandalo 
ab * Ompofc bimaculatus (Bloch) 
ab * Wallago attu (Bl. & Schn.) 
ab ♦ Mystus seenghala (Sykes) 
ab * Mystus aor (Ham.) 

Mystus vittatus (Bloch) 

Mystus cnvasius (llam.) 
ab * Rita ha statu (Val.) 
ab Rita pavimentata (Val.) 
ab * Bagarius bagarius (Ham.) 
ab Oagata itchkea (Sykes) 
ab Oagata viridescens (Ham.) 
ab Glyptothorax dekkanensis (Gunther) 
ab * Pseudeutropius taakree (Sykes) 
ab Pseudeutropius atherinoides (Blocli) 

* Xenentodon cancila (Ham.) 

Pamhax lineatus (Cuv, Val.) 

ab Ophicephalus gachua (Ham.) 
ab ♦ Ophicephalus epp. 
ab Macropodus cupanus (Cuv. & Val.) 
ab Ambassis ranga (Ham.) 
ab Olossogobius giuris (Ham.) 
ab ♦ Mastacembelus armatus (Lac specie) 
ab Macroguathus aculeata (Ham.) 
ab * Anguilla bengalensw Gray 

Of the above 79 species, nearly 30 are of economical value in the entire Thunga- 
bhadra drainage on account of the larger sizes attained. But of these 17 were seldom 
recorded in the affected river stretch, but were found mainly as stray young ones in 
the clear water above the weir. Well-known food fishes of the Thungabhadra, namely 
Barbus neilli, B. khudree, Labeo fimbrintua, L. boggut, L. kawrus, L. ariza, Bagarius 
bagarius, Wallago attu, Mystus aor, M. seenghala, Rita hastata, Ophicephalus spp. 
and a few others, were found only in one or two young specimens and so they can 
be considered as practically absent. 

While engaged in these investigations, it was often noticed that local fishermen 
were making relatively rich hauls of fish down stream |-f mile from the paper mill 
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effluent outfall. Though their catches were restricted (during April-May) to only 
a few medium or small-sized forms, those fish could have been of considerable market 
value elsewhere on account of the total bulk. But at the time, their value was only 
15-26% of the value prevailing for the same fish if obtained from uncontaminated 
stretch. On examination, it was found that those fish had turned dirty yellowish in 
colour and smelled of paper waste sulphide and sulphonates. These odours were 
reported to jHirsist even after the fish had been cooked. 

On closer in8j)ection of this polluted tract, a number of narcotised bottom - 
dwelling fish species NtmacMlus, NenuichilicMhys and Oarra were picked from the 
shallow maigins.* Several adult sjiocimens of Labeo potail and Barbus kolus of 
lengths up to 2V were found floating dead or dying in an isolated pool cut off from 
the main flow of the river on the right margin (sketch map). These fish must have 
swam into this jk>o1 earlier on their own volition through an outlet as there was no 
inlet from the river. Death of fish in this region was obviously by slow degrees 
rather than by any immediate effect of the paper effluents. All these fish showed 
no external injury, but had a yellow pallor over the body, with eyes turned pale 
white. In none of them was there any evidence of choking of gills by pulp fibres, etc. , 
as those gills wore clean and pink in colour and the opercular movements, though 
normal, were rather slow. It was quite evident that the fish had become narcotised 
and gnulually stupefied, by absorbing through the gills noxious gases and other 
chemical compounds dissolved in the water. This has been further confirmed dining 
survival tc^sts by an examination of dead or dying fish in cages wliich showed not 
only a similar bad odour but also a yellow pallor of the body. 

That ilunie fish easily be<jomo prey to various piscivorous birds was noted at tlui 
time. There was a good deal of activity especially in the early hours of the morning 
wlien the birds used to pick the aimloHsly floating or swimming fishes. Droppings (.>f 
those birds showing fish bones wwe found along the margins commonly. Many 
crows and cranes were also busy on the margins picking up any fish that chanced to 
come to the edge or surface of the water. 

An examination of digestive organs of several specimens (Appendix) indicated 
mainly empty stomachs and intestines; but the blood vessels lining the digestive 
tracts and the adjoining body musculature within the abdominal cavity appeared 
congested and swollen, many showing pustules or suppurating spots. In several 
others, liver had become discoloured and pulpy to touch when a microscopic examina- 
tion revealed that fatty degeneration had set in. A strong mixed odour of sulphidevS, 
sulphonates and chlorine emanated on opening these fishes. Even from the appa- 
rently healthy fish collected by the author and purchased from the fishermen, such 
odours were detected. These observations coincide with the state of the surviving 
lislies in the cages as alreiuly narrated. It may be of interest to mention that Westfall 
and Ellis (1944) have also noticed that in fishes subjected to pulp mill pollution there 
is an undesirable flavour of the flesh by absorption of unpleasantly flavoured sub- 
stances both from the liquor effluents and from decomposition products of disinte- 
grating pulp. 

The active ‘sight' feeders, Barbara, Esmnvs^ Chela and Danio, were found 
darting from the right, effluent-free clear water portion of the river course into the 
oUluent diluted left side (in the region below the railway bridge) and dart back again 
within a few seconds. This peculiar habit was found on close examination to be due 
to the presence of dense colonies of Tubificid worms, Chironomid larvae, etc., in the 
polluted portion, on which organisms the fish freely used to feed. Such to and fro 
movements were repeated many times and usually shoals of these minnows could be 
found in the clear water portion engaged in sorties for feeding in the polluted portion. 
It is significant that the above fishes and a few Barbus pulchellus^ B, Utnopidos, 


• Similar inatcuices of stupefied fish oocurring have also been noticed in Bihar where the 
paper mills of Dolmianagar di^arge the effluents into the Sone river. 



A. DAVID: 8TUDIKS ON THIS FOMiUTION OF THE BHADRA KIVBB FISHBRIB8 156 


Girrhina fubmgee and Oarra spp, were also found to be somewhat hardier than the 
rest of the fish observed. Though all these ultimately succumb to the injurious 
effects of the pollutants, the unaffected portion of the stream seemed to afford a 
certain degree of safe retreat ; what percentage of such affected fisli finally recover is 
not known. It was also noted that the bottom feeding fishes showed, more commonly, 
the typical pathological conditions than the above-mentioned column feeders. In 
the available species of Lofceo, Schizmatorhgnchus, Osteochilu^, Barbas kolus, Oarra, 
Nemachilus and NemarMUchthys, all of which are more or less mainly bottom feeders, 
pathological conditions were observed much more frequently than in others. 

VII. (teneral Discussion 


(a) Direct Effects 

From the data given in the foregoing chapters and the preliminary field observa- 
tions, only broad conclusions can be drawn as to the possible manner in which the 
pollutants affect the Bhadra river fisheries. 

Alkalinity of up to 9 is known to be tolerated by fully developed fresh-water 
fishes and none of the industrial alkalies like NaOH have clearly been shown to be 
lethal to fish (Doudoroff and Katz, 1950). This may explain the survival of many 
fish in the paper effluents diluted water for longer periods. As there is a sufficiently 
large amount of CO 2 , i.e. as much as 5-48 p.p.m. in the river water and any largo 
increase in pH is counteracted by it, excess of alkalinity may be safely eliminated as 
a major cause of fish mortality. 

Presence of small quantities of hydrogen sulphide and free chlorine are well 
known to be toxic to fish to an extreme degree. Usually 100 p.p.m. and, under 
certain circumstances, even as low as 0*1 p.p.m. of these compounds have been stated 
to be lethal to fish. Doudoroff and Katz {op, cit.) have concluded that even traces of 
these substances in polluted waters should be regarded as a possible hazard to fisli 
life. In the Bhadra, values of total sulphides varied between a maximum of 15*2 
p.p.m. to a minimum of 2 04 p.p.m. depending on the distance from the outfall, and in 
the lower stretch it was still as much as 0-82 p.p.m. Similarly dissolved chlorine 
content varied between 19 00 and 7*56 p.p.m. within the affected stretch. That both 
these values are very high during the critical summer months when there is a greatly 
attenuated stream flow for prolonged periods and are far in excess of considered safe 
minimums of 100 p.p.m. cannot be overlooked. Theoretically, though effluents 
should dilute nearly 200 times, accumulation of pollutant substances in water and 
along the sub-stratum can easily take place in the highly broken up river bod in its 
numerous channels and bayouts. As sensitivity of fishes to these substances varies 
from species to species, absence of several forms in the 12 miles stretch is not sur- 
prising, since they may easily avoid sulphide diluted waters as observed by Carpenter 
(1930). During experiments on the toxicity of sulphurous acids fish died due to 
coagulation of mucus on gills causing asphyxiation. Sholford (1917) has reported 
that 16-19 p.p.m. of sulphur-di-oxide gas dissolved in the tap water was enough to 
kill small fishes in one hour. But 0-6-1 *00 p.p.m. of hydrogen sulphide and dissolved 
sulphides are stated to be critical concentrations for more sensitive fishes under 
average water quality conditions. Total sulphide values noticed (16*2-2 04 p.p.m. ) 
in the affected stretch are quite high and, even 9 miles below, as much os 0 82 p.p.m. 
were traceable. These are decidedly lethal dosages for fish however favourable 
other conditions may be. In the absence of experimental evidence, it is to be pre- 
sumed that the high ‘sulphur * bacterial activity noticed helps in a great measure of 
recovery of the water and very likely the accumulated sludge, when taken as or along 
with food by the bottom feeing fish, may release sulphur or its compounds on 
digestion which may finally affect the fish. Decomposition of lignin sulphonates 
and pulp may also produce various substances which also could act as specific poisons. 
Under prolonged exposure to dissolved toxic substances, the fish appear to get firstly 
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narcotised, finally succumbing to the lethal effects as seen by field collections. Deple- 
tion of oxygen and a marked degree of anaerobicity do not seem to be causes of 
fish mortality as indicated by the few observations on the distribution of organisms 
and field tests. 



Sketch map Bhowiiig the Bhadra river stretch at Bhadravathi indicating points of observa- 
tions, demarcation of efflutuit diluted areas, disposition of outfalls, etc. The entire stretch, 
except the area of the septic-cum-recoveiy pool close below the road bridge, is rocky and cut 
up int.o n\imerous ohannels which however are not shown. 


In the wood distillation effluent area, death of fish is almost instantaneous. 
Adam, Potter and Murdoch (1937) have found that even non- toxic tar washings 
had irritant effects on fish. During experiments they noticed that phenols of 10*W 
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p.p.m. ill water caused twitching, loss of equilibrium and partial narcosis. Other 
tar bases as low as 2 00 p.p.m. caused loss of equilibrium in hours. 1-00 p.p.m. 
of acridine (a substance known to lie present in the distillation washings of wockI 
as well) caused violent gulping and narcosis with loss of equilibrium in 48 minutes. 
Ericlison Jones (1951) found that solutions of phenol, ortho- and para-cresol are 
highly toxic to minnows, and that they appear to have some sjiecific poisonous ofiect 
on the nervous system of lish causing them to lose their sense of balance and capabi- 
lity of co-ordinated movements. He concluded that minnows show little or no 
capacity for recognizing and avoiding the solution at any concentration between 
0 04% and 0*0003% of solution and become intoxicated; he also mentioned that 
0 004% is about the tlireshold of toxicity for phenol. The elTect at higher coiK^n- 
tration is nouro-muscular in nature. 

Presence of sulphuric acid from the stool plant in the wood distillation wastes, 
is perhaps only slightly toxic to fisli, since lO'OO p.p.m. of free ac^id causes grave 
danger to fish as noted by Doudoroff and Katz {op. cii.). Coagulation of gill mucus 
is usually caused by acids, but this cannot be attributeil ontirely to sulphuric acid, as 
there are several other organic acids in solution in the wood distillation oflluents. 

In general it is evident that the causes of death of fisli in effluents from wood 
distillation plant are more\oxic to fish populations at liigher concentrations and on 
dilution their effects apparently disappear. But in the paper mill effluents, though 
the toxic effects are slow to manifest, continued exposure of fish to oven dilute 
concentrations has a narcotic effect which ultimately becomes fatal. 


{b) Indirect Effect^ 

Presence of pathogenic conditions in lish reveals that continued exposure to the 
effluent diluted waters affects their physiological functions, causing degeneration of 
liver, congestion of blood vessels and apjiearanco of suppurative spots by interfering 
with blood circulation. Whether these conditions are due to ‘acidimic^ i.o. toxic 
effects acting internally, is difficult to ascertain in the absence of well-defined experi- 
mental data. But most species of fish that appear to be unable to distinguish toxicity 
in lower concentrations are attracted into the Bhadia from the Thungabhadra 
below. The cliemical attraction exerted by the pollutants in low dosages and the 
presence of increased food organisms seem to impel several species to move up to the 
pollutional area. According to Stephen (193(5) fish cannot distinguish certain 
chemical wastes as such, resulting in their ultimate stupefaction and mortality. 
In fact, they show preference to certain chemical wastes, as some varieties are attrac- 
ted and others repelled. However, once the fishes enter the Bhadra, they may be 
unable to resist the slow combined narcotic effects of the ingredients in both oflluents 
and may even become intoxicated. Ingestion of humic and septic sludge containing 
varieties of sulphur bacteria and accumulated sulphur compounds may release 
complex substances within the body, and ultimately cause death of such fishes. 
An accumulation of sulphides, ligno-sulphonate and sulphite smells inside fish 
obtained occasionally from waters comparatively less smelling of these compounds 
6-6 miles below is otherwise difficult to explain. Stoppages of blood in smaller 
capillaries and gills may well be caused by relatively minute doses of these substances. 
By osmosis through gills some of these dissolved gases can be transmitted directly to 
other parts of the body, causing ‘stasis* or stoppage of blood circulation within the 
capillaries, abdominal wall and intestine, etc. These gases too may have slow 
anaesthetic effects upon fish as already noted. 

In gravid examples of Barbus kolus, Laheo dussumeiri, L. potail, L. calbasu^ etc., 
the smell of sulphur compounds was much more intensive than in immature ones. 
In all these cases the gonads were coloured dirty yellow as against the usual healthy 
white or pale pink colours. There seemed to be a tendency on the part of the mature 
fish to store the compounds more easily within the body tissues than in young ones. 
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Such fish are definitely rendered incapable of spawning as their gonads are impaired 
if the fish itself is not destroyed earlier. Recovery of such fish at any rate seems 
impossible under normal conditions. The lower rate of breeding and incapacitation 
of all adults that wander into the Bhadra must tell heavily upon the total fish popula- 
tion of the entire Bhadra system if not the Thungabhadra, as most fish seek breeding 
grounds at the headwaters during monsoon months. 

Eggs and larvae of monsoon breeding fishes that migrate from far down the 
river may est;apo destruction during the rainy part of the year for about 4 months 
(between middle of Juno and OctoW). But as a result of harm to the gonads, no 
fish that enters the affected region when the gonads mature during the pre-monsoon 
periods is free from j>ermanent injury. Hence there is a progressive destruction of 
upward migrating fish population at the important pre-monsoon season. Further, 
adults of several fish may not rise into the Bhadra at all from the Thungabhadra, 
due to slight chemical pollution noticeable at the confluence between the two rivers. 
Otherwise it is difficult to explain the almost total absence of important fishes like 
Jjuheo fimbriatus^ Barbas kolas, B. neilli, Tor khudree, Mystus aor, M. seenghala, etc., 
even though they form the most important items of food fishes in the Thunga barely 
10 miles away under identical hydrological conditions. Though due to the monsoon 
floods all signs of septic sludge and other substances in the river course are annually 
renujved, at least in the case of pre-monsoon breeders and the post-monsoon spawoiing 
Tor sp. (Mahseors), tlioir spawning grounds are sure to be affected below Bhadravathi 
for a distance of 11-12 miles. Since the production capacity of the mill is nearly 
doubled afU^r these studies, it is to be expected that owing to the discharge of more 
effluents, the conditions in this se(*/tion of the river have further deteriorated from 
the fisheries point of view. 


VIII. Suggestions 

As a result of these investigations the following tentative suggestions can be 
offered to safeguard fish life in the river jxs much as practieublo. 

(1) Possibilities of recovering digester washings for re-use on a larger scale 
than has been done hitherto may be explored thus reducing the quantity of water 
used by improved washings of i)ulp. Clilorine, sulphonates, sulphides, sulphurous 
acid and such toxical agents may be reduced or at least rendered innocuous by 
suitable moans. If the total quantity of water is reduced, perhaps it may be possible 
to store the effluents in ‘lagoons’ for annual washings into the swollen river when 
floods occur. 

(2) As sulphur content is high in the wtisliings contributing to a rich growth of 
sulphur bacteria, which indirectly affects fish, its roductioii may be sought. Perhaps 
use of manganese oxide instead of calcium oxide as a b^ise for digester cooking may 
ho useful. 

(3) Stagnation of raw liquor for lengthy periods may not give required results 
as the chemical contents inhibit bacterial activity so necessary for natural recovery. 
As nitrogen is hardly present in quantity in the paper wastes, mixing them with 
domestic sewage to start bacterial action may be a possible line of work. 

(4) As sulphate pulp wastes from bamboo are rich in sugars, manufacture of 
by-products like ethyl alcohol or fodder yeast may be tried. Small quantities of 
anilin, oxalic acid, a^esives or even fertilizers may perhaps be successfully manu- 
factured from other substances. 

(6) Percolation of the effluents through river sand may be tried, thereby 
removing the toxic wastes. The debris accumulated may be mechanically removed 
and may even be re-used after purification. 

(6) As far as possible cellulose pulp and lignin should be removed by efficient 
means as these resistant plant matters begin to disintegrate in water only after a 
long time. 
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(7) Steps have to be taken to safeguard the stretch which may gradually 
become enriched towards the base of the Lakkavalli Dam (a few miles above) by an 
accumulating fish population trapped between the dam and effluent-ridden zone. 
Being the head- waters of the Thungabhadra, it is likely that many fish spawn in the 
Bha^a waters during monsoon montlis and this has to be investigated further. 

IX. Summary 

The ecological features of a section of the Bbadra river affocte<i by wast^ effluent discharges 
of a pulp and paper mill and a wood distillation plant are examined near Bluidravathi, Mysore 
State. Fish distribution and their survival in variously affected parts of the river are discuai^i. 
A list of organisms is given and the peculiarities of their distribution mentioned. Some chemical 
and analytical results of water are also discussed in relation to fish life. 

(1) It was noticed that majority of well-known food fislies numbering about 18 out of about 
36 in the river were almost absent in the affected stretch. 

(2) The few adult fish found during April-May in the inieiujoly affected two miles stretch 
and many smaller forms showed ptdhogenio conditions, such as narcosis, ‘sta-tis* of blood capil- 
laries, fatty degeneration of liver, etc. They also possessed an unsavoury flavour which reduced 
their market value. 

(3) During survival tests, 

{(i) In paper mill effluents : fish died by asphyxiat ion brought about by a coagulation of gill 
mucus presumably due to the ju'esenco of free chlorine, sulphides, sulphites, sulphurous acid and 
other potent sulphur compounds as well as strong alkaline mixtures. At higlior dilutions, 
gradual narcotical effocts seemed to set m. 

(6) In wood distillation wastes : at higher concentrations tish died by sliock and eoagulation ol 
mucus on the body and gills. Gills wore also found swollen, showing that- severe asphyxiation 
had taken place. At higher dilutions, such symptoms apparently disappeared. 

(4) Mortality of fish was not so much due to dooxygenation of surface waters much as 
to the toxicity contained in it. Soft sub -stratum, however, was highly anaerobic with a thick 
blanket of characteristic ‘fungi*. But a thorough deoxygonatiou of the region was not observed 
during the period of study. Periodic large-scale mortality of fishes was nevertheless roixirte^I 
when imcoverable digester wasliings were lot out. 

(5) Certain varieties of fishes avoided the polluted stretch almost completely, and a few 
were, however, attracted either by the ‘chemical* attraction or more so by the increased amount 
of food organisms which ultimately proved fatal. This danger was greiiter when almost ripo 
spawners tried to ascend during the minor floods of May- June when pro -monsoon showers 

occurred. . t 

(6) An increased orgimic life was noticed due evidently to sugars and other organic sub- 
stances (pulp-cellulose) and their components released on disintegration. Such biolo^cal activity 
was inhibited higher up by the sterilizing action of the chemical substances such as SOg, CI 2 , etc., 
contained in the wastes, but was pronounced when waters became diluted. Lack of nitrogen in 
the compounds also retarded bacterial activity in the earlier stages. 

(7) The stretch haa become a barrier for all migrating fishes, particularly to those that 
migrate upwards during pre-monsoon months and downwards during post-monsoon months. 
As the rocky and sandy stretch below for 8-9 miles gets covered over by septic sludge with bacterial 
<‘olonies, the pre -monsoon spawners, like Mystus aor^ M, seenghala, and probably Bagarius hagarius 
and the post-monsoon or winter spawners like 2'or khudree (Mahseer), etc., do not find congenial 
breeding grotmds. 
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Xll, 

Shotoing number of fi^he^ actually netted^ nature of jxitboyenic symptoms and gut 


I 

1 




4 


5 


7 

8 


y 


10 


II 


or Hpccinn of 
(ihIi 

1 

fdoar wuUt — 
Zone 1 

1 

: l'nj.K>Uiited ri^lit part 
of the river — 
he 1 ween outfall and 
rood bridge 

P?rp<>r waste jx)lluted 
port ion— l^etween 
outfall and rail way- 
bridge 

2 

3 

4 

;5 

A plocheiliis linealus 




(Cuv. and VhI.) 

4 — 0 

2—0 


Chela s})j>. 

1 

32- JO 

24—15 

2—2 

30 50% full, Hiito- 

40-50% full, pulp 

JOmpty guts. Liner 

i 

1 

mo.slTmNi, may Ry 

1 and darnnol fly 

fibres, insect egg 
maBses, ants and 

turned pulpy. 

i 

1 

! 

nyruphn. 

Dytiscid heetl*" re- 
mains. 


i)finio Hpp. 

24—15 

' 30-40% full, Eiito- 
1 moHtnwa, Kotiforfl, 

1 Hydruoarinao, in- 
aect romainH. 

13—13 

2f> 40% full, Tubi- 
ficidiu?, Olliroiiomi- 
tlao, in.soct romaiiia. 


Barilius npp. 

5—5 



1 

LauJbuca afj>ar | 

1 



(Ham.) 

22—5 

10-20% full, LiiHect 
roinainrt. 

8—5 

Empty, traces of 
ants and b^^otles. 

\ 

Rohtee xpp. 

20—10 

30-40% full, Hydra- 
oariinu3, Dyfiacid 
boetleg. 

1—1 

30% full, insect 
remains. 


Mystacoleucus ogilibu 1 




(Syketi) . . j 

24—0 

> 8—0 

• • 

1 

Rasborti Janiconins i 




(Ham.) 

30—10 

22—15 

5 — 5 

i 

2r>-40% full, Ento. 
mostraoaris, Ilyd- 
raoarinae, Chirono- 
raidn, and insect 
remains. 

2;’V-60% full, Tubi- 
ficidoe, Chirouo- 

raids, OsciUatoriay 
Nostoc , U loihrix 

and Diatoms. 

Empty. 

Ambas&is ranga 




(Ham.) 

16 — 0 


1--0 

J3ar6ujf Hclo (Ham.) 

Barbus amphibius 

16—0 



(Ciiv. and Val.) 

12—5 

r>-l0% full, Vroto* 
/oans, Entomos- 
trskca, Hydracari- 
nae, and Diatoms. 

2—2 

Empty. 
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Apfkitdix 

contents. {Bold numerals hviictde number caught, snndl numerol^f those erumirted.) 


Combinod paper and 
wood distillation affected 
part — ^between bridges. 
Zone III 

Septic -cum *re<*o very 
pool. 

Zone IV 

Re<‘overy stretch up 
to confliieiK'o. 

Zone V 

Remarks 

6 

7 

3 

0 




Very rare. 

15—10 

25 3«')% full, Tubi/ieid 
worms, Sftirogy7'(t, Os- 
cillatoria, Nosfor and 
sponge spicules. 

16-10 

Almost empty, /int. 
remaiuH, Ivotifers, 
Entomost means, 
dead wood. 

4-4 

80-00% full, insect 
remains (gorged) 

and Entomostnica. 

Several sjiecimons wore 
picked up dead irt 
affected stretch. 

24—15 

Generally empty. 

Traces of Hemiptora, 
Coleoptera, Rotifers, 

TJlothrix^ Pediaatnim . 



Thes(> do not occur in 
pollutant mixed 

waters. 

4—4 

25% full, Tubificid 

worms, Efistalis mag- 
gots, Spirogyra, vas- 
cular plant remains. 



Picked also dying i»i 
the stretch. 

j 



Very rare. 


!■ 

j 

1 


Very rare. 


t 


Not foimd in affected 
stretch. 

35—16 

10-30% full, Tubificids, 
Chironomids, insects, 
Spirogyrn^ XJJothrix^ 

Diatoms. 

g g 

25-36% bill, Chiro- 
nomids, in.seet re- 
mains and Ento- 
inostracH. 

17—10 

10% full Tubificids, 
Entomostracans, 
insect remains. 

Seems to be a hardy 
fisli, thriving in the 
region. 

5—5 

Almost empty. Traces of 
insect remains and 
* algae. 

1 

2—2 

30% full, Paramae- 
cium, Ostracods, 

Chironomids, OscU- 
latoria and sand. 

Appears to l>e rare in 
affected waters. 

2—2 
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IM 


I 

12 

i;i 

14 

15 

10 

17 

is 

19 

20 


Affbndix 

nitmbfir of fishes of'tvaUy netted^ tuthtre of ptttho<i*'nit Hymptmtis and gut 


OonorA or Hp< <'ioH of 
finh 

i 

1 

' (Moarwiitor 

Zono 1 

i 

1 Unpolluted right part 
of the river — 
between outfall and 
road bridge 

1 Paper waste polluted 
j portion — between 
outfall and railway 
bridge 

2 

3 

4 

5 

Barbus narayani 

Hora . . 

1 

u—o 



Barbu .snphfjre 




(Horn.) 

20 --(» 



BaHuiH Httmun 




(Tfjiro.) . . ! 

i H r, 

2—2 



2r > 40% full, Enlo- 
rnoHlracariH, ffydra- 
oarixuie, inHOot re- 
mains and sand. 

Empty. YeUowish 

tiyiged body, smelly 
inside. 


Barbus neilli 




( Jordon) 




Barbus pulchellus 




Day . . 

4 — 4 


. • 

Barbus kolus Sykos 

30-45% full, Colo- 
optera, Doamids, 

Spirogyra and sand. 


2—2 



Empty 

Barbus lithopidos 




f)a> . . 


9 — 1 ) 

5— .5 


40 00% full. Oytis- 

40-75% full, pulp 

Almost empty, traces 


(ids, (^hironoinidH, 

fibres, baeterial 

of sludge, Diatoms, 


( po j )o< 1 s , Di atom h . 

tufts. Protozoans, 

and vascular plants. 

Osteochilus thotnassi 
(Day) 

Dosmids and sand. 

1 15-10 

I insects, Spirogj/ra, 
and Hydrilla, 

3—3 


Cirrhina fulungee 
(Sykes) 

; 20 00% full, Enla- 
mosti'aoa, C’hirono- 
mids, ooze and 

sand with Proto- 
zoans. 

12—10 

Empty. AhfioruifuH 
rnnsmlaturp. yrB 

lounsh . 

4—4 



Sand, Pandorina, 

Desmids and Dia- 
toms. 

10% full, mud, 
sponge spicules, 

Diatoms. 
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— eontd. 

contents. (Bo/d numerals indicate n amber cnuethi, small namerah. those examined.) 


Combined pfl^por and 
wood distillation nfFeoted 
part — between bridges. 
Zone III 

Septic-cum-rocovory 

pool. 

Zone IV 

Recovery stretch up 
to confluence. 
Zone V 

Remarks 

6 

7 

8 

0 




Rare in the river 
streteh affected but 
abmidant above weir. 

1—1 

Empty 

1 -] 

Empty 


Pathogenic specimens, 
found stupefied. 



1—1 

10% full, insect re- 
mains, Tubificid, 
Desmids, Spirogyra 
and Hydrilla, 

Only juveniles seen 
above the weir. 


3—3 

35% full, Coloopte- 
rans, Entomostra- 
1 cans, sand. 



1—1 

Almost empty, traces of 
vascular plants, in- 
sects, and sludge. 

1 

80-90% full, Tubi- 
fields, pulp fibres, 
Protozoa, Diatoms, 
Desmids and Oscil- 
latoria. 

3—3 

15-25% full, in- 
sects, Tubificids, 
Hydrilla and Spi- 
rogyra. 

Juvenil.58 only. 

1 

5—5 

Almost empty, traces 
of bottom sludge, 

bacterial tufts, Dia- 
toms, Desmids. 




12—10 

50-60% full, bottom 
sludge, bacteria, Roti- 
fers, Diatoms. 

5—5 

60-80% full, ooze, 
bacteria, Diatoms 
and Desmids. 

3—3 

70% full, sludge, 
bacteria, Arcella, 
Difflugia and other 
Protozoans. 

Pathogenic specimens. 

18—10 

Mostly empty, sponge 
spiciiles, pulp fibres, 
traoos of Cladocerons, 
Spirogyra^ and Desmids. 


0 

This fish is mainly a 
bottom feeder. 


'fS 
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Appendix 

Sfniunntj nnmhfr of ft^thpn artHnffif odture of p^itho^ien iv Hijin.ptoins und gr*t 


21 


23 


24 


ri<'iirrn or spr(?irH of 
finh 


watfT 

Zo/ic I 


borhoto.H 

(Jerdoji) 


Loheo atlhon ( I { a 1 1 1 , ) 


Lahpo potfiH (SyU^'H) 


15—10 

40 00% full, Knto- 
inostnuaHH, Oliiro- 
iionu<,ls, liuid and 
Hand wilh I'roto* 
'/oarts. (Sapfodina ) 


20 


28 


Labeo porce.lhf s 
(H iiockfl) 


Labeo dussumciri 
(Ciiv. and V<d.) 


SchwKdtorhinu'ho 
nukia (Sykas) 


3- 3 

40 afO’;, fidl, Himd, 
l)iMt<nnM and Das- 
irdfla, traneH of 
I Votozouns. 


UupoHutod rigid part 
of th<j river- - 
botw«ri‘ri outfall and 
road bridge 


paper waste polluted 
port ion — between 
outfall and railway 
bridge 


3-3 

Km ply. Yellow isii, 

tfi ttMcnlata re . 


I I 

Knipty. Ahdomeft 
ifelloii'ish triih odoar 
of j*ulphide.s. 


2 2 

70 full, nludye. 

H[)ong(‘ s()icu)t‘H, 
Desinids, vas(’nlar 
plant remains. 


G(trra spp. 


Nemachilua spp. 


42-10 

3r)-00«^, full, Spiro^ 
fjpra, Desmids, Dia- 


15—10 


1 


Empty. 
thil in 
muficulnfarr 


Ydloud^dt 

abdoKtiHol 


10-.7 

15-00% full, s.and 
and rrmd, Spiro^ 
(fpra, Desniidn aiul 
niatoin:^. 


2—2 

50- (>0^^, full, sludge 
with hactJ'iia, Pro- 
tozoans, Diatoms, 
pulp fibres, Nema- 
tode wmrnis. 


2—2 

fhii])ty. Y ellowirsh ; 
cotu/estion of blooii 
veaaela, mu pp u rative 
M}iot8y odour present. 


1—1 

Only traces of sludge 
and Nematodes (Pa- 
rasitic ?). 


ErnjXy. Suppura- 
tive spots on intes- 
tines, liver imlpy. 
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— conUi, 


contend, {Bclti i^\ini€T(Us indiaiie nufnf)eT caught^ fiuttiernief, ihoac exatfiinwl.) 


Combinod paper and . 

wood distillation affexitod ‘»i'P'»‘.-c.uin-i-«oovory Uooovory Htroiidi up 
part — between bridges. to eoiitluonce. 

Zone III 


Homarka 


12—10 

.SO- -(>< ) % full, bo 1 1 1 ) ! n 

ooze with Snreodiiia, 
sulphur baetcria, Hoti- 
I'ors Oiatoius and Dt's- 
iiiids. 


70-80% full, ooze 
vvith bacterial 

Uirea<l.w, Diatoms, 

De.smids. 


8--S 

00-80% full, h 1 ij(|| 4 ,*. 

I>at<t*ria, Chirouo- 
inids, T'j'oto/.oau.s. 
Diatoms. 


3 

K m p t y . y elLow Uh ; 

iyifestincs ivit/i con- 
gcsted blood vessels 
(Did si4 pjjiir(Uir(' 
'^'potb'. Smell of 
■siilphiden. 


Adult H[)ecimens show 
high degree of patho- 
genioiiy. 


3—3 

Empty. Yellowish; con- 
gestion of blood vessels 
with stipp^4rativc spots 
and odour. 


3—3 

00--7o% full, sludge. 
Infusorians, Roti- 
fers, ('hironomids, 
pulp, bacterial 
tufts, early signs 
of ye I low tint . 


1—1 

25% full, sand, 
sludge, bacteria, 
pulp fibn^s, sponge 
spicules. 


Very rare. 


3—3 

40-60% full, sludge, 
bacterial threads. Pro- 
tozoans, Diatoms and 
pulp fibres. 


Stray adults only ex- 
amined. 


Almost empty. Sludge, 60% full, 8ludg«% 
pulp fibres, Diatoms, Sarcodina, bocter- 

Desmids. ial threads, Dia- 

toms, Oscillatoria. 

9—5 6—5 6—5 

JO-40% full, .sludge, Empty, traces of 80-90% full, sludge, 
bacteria, Oscillatoria^ ptilp fibres, Oacil- bacteria, Diatoms, 

Nostoc, latoria and Diatoms. Deamids. 


Pathogenic adults. 


6 — 5 

Traces of sludge, 
pulp. Diatoms. 


Often found dying. 
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Appendix 

Showing number of fishes ackiaUy netted, nature of pathogenic symptoms and gut 


SL No. j 

j 

Otunoni of Hpoci^H of 
fiHh 1 

Clour water. 

Zone I 

Unpolluted right jjurt 
of the river — 
between outfall and 
road bridge. 

Paper waste polluted 
port ion — between 
outfall and railway 
bridge 

1 

2 

3 

4 1 

6 

2d 

Xenentodon cancila 
(Ham.) 


1—1 

One whole Rasbora, 


30 

Mastacembelus arma- 
tus (Lm;6p6do) 

i 



1—1 

Empty, full of 

Tromatodo w'orms, 
probably parasitic. 

31 

Mystus Hpp. 

6~ 0 

1—1 

. . 

32 

Ompok bimacukUus 
(Bloch) 

1 

_i 
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— condd. 

contents, (Bold numenijM huimUe number caught, small numerals^ those examined,) 


Combined paper and 
wood distillation affeoted 
part — between bridges. 
Zone III 


Sept ic-f urn -rtM»overy 
|>ool. 

Zone IV 


Recovery stretch up 
to oonthiencc. 
Zone V 


A- H 

Empt y . Blood vessels 
congested, specimens 
turned yellow. 


1—1 

Empty. 


Remarks. 


Pathogenic symptoms — 
lethargic adult sjieci- 


Isstted Mtuj :W, 1957, 




STUDIES ON THE NEUROSECRETORY SYSTEM OP IPHITA 
LI MB AT A STAl. (PYRRHOCORIDAE: HEMIPTERA) 

Part IV. Observations on the structure and functions of the corpora 

CARDIAC A OF THE ADULT INSECT 

by K. K. Nayar, Department of Zoology, University College, Trivandrum 
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1. Introduction 

The corpora cardiaca wore originally described by various authors as lateral 
sympathetic ganglia, pharyngeal ganglia, corporis faringei, etc., regarding them as 
parts of the sympathetic system of the insect. Ontogenetically, they may be con- 
sidered as ganglia because they develop as invaginations of the stomodaeum in the 
neighbourhood of the hypocerebral ganglion and later move to the wall of the aorta 
to which they become intimately connected (vide Hanstrdm, 1939). 

The structure of the corpora cardiaca has been studied in detail only by a few 
authors. Pfliigfelder (1937) has pointed out that the corpora cardiaca consist of 
nervous and osmiophil cells and he has attributed a secretory or excretory function 
to the latter. Cazal (1948) has made a comprehensive and comparative study of 
the retrocerebral organs of insects, and in his monograph he has described briefly 
the corpora cardiaca of Pyrrhocoris apterus, A more detailed account of the 
structure of the corpus cardiacum of Locusta migratoria has been given by the author 
(Nayar, 1954). 

While considerable work has been done on the physiology of the corpus allatum, 
only a few workers have attempted to study the functional significance of the 
corpora cardiaca. Evidences have recently accumulated to suggest an endocrine 
function for these structures (vide Scharrer, 1955). Recent researches on the 
neurosecretory system of insects by Scharrer (1952) have shown that the corpora 
.cardiaca function as storage organs for the neurosecretory products elaborated by 
the special cells of the pars intercerebralis of the brain of LeucopJiaea maderae. A 
similar observation was made by E. Thomsen (1952) in Calliphora and subsequently 
by various authors in several groups of insects. E. and B. Scharrer (1944) and 
Hanstrom (1953) have drawn a comparison between the hypothalamo-hypophyseal 


VOL. 22. B, No. 4. 



172 


K. K. KAYAR: STUDIES ON THE NEUROSECRETORY SYSTEM OF 


system of vertebratcis and the iritercerebraUs-cardiacum-allatum system of insects, 
E. Thomsen (1952) has shown that the corpus cardiacum of Calliphora can replace 
the neurowjcretory cells in inducing the development of the eggs. Bodenstein 
(1953) in his work on Periplanfia suggested the existence of a Hpecific interaction 
of the corp<jra cardiaca Avith the prothoracic gland causing the maintenance and 
activity of the latter. He showed that removal of the corpora allata and the reten- 
tion of the c(jrpora cardiaca would help to maintain the prothoracic glands in the 
adult insect. But Wigglesworth (1955), in his study of the breakdown of the 
thoracic glands in adult Rhodnins, showed that transplantation of the corpus cardia- 
cum will not help ia f>rovent the breakdown of the glands. V’aunucci (1953) has 
shown that extracts from corpora cardiaca contain a heart-activating substance 
whi(;h may be either adrenalin itself or a closely related substance. A myotropie 
activity has been recorded in the extracts by Cameron (1953) and Koller (1954). 

That tiui corpora cardiaca of insocds have a chromatophorotropic activity on 
cnistacean pigment cells has been reported by Brown and Meglitsch (1940) and 
M. Thomsen (1943). 

A detailed investigation on the neurosecretory system of the common plant 
bug Iphita limhata StRl. (Pyrrhocoridae: Hemiptcra) was starte^d in this laboratory 
in 1953. A comprehensive account of the neurosecretory cells of the nerve ring and 
some a8{K>ets of tluur enzyme content have been published by the author (Nayar, 
1955^1, />). Accounts of the structure of the corpus allatum and the neurosecretory 
pathways have also been published (Nayar, I95bu, h). The present paper embodies 
the results of obscirvatioas on the stnieturc and some functions of the corpus cardia- 
cum of Iphiia. 

2. Material and methods 

Adults of both sexes of Iphita were collected from the tick! and kept in insectar}" 
jars or boxes where they thriv(‘d on cotton seeds soaked in water or sap of Plumaria. 

The pronoturn and the dorsum of the head were removed and the insect was 
pinned flat in a dish of insect-ltinger. Under the stereoscopic binocular (x40) the 
brain with the median trachea supplying the pars intercerebralis could easily be 
located. Lying close to it and placed posteriorly is the anterior end of aorta. 
Lateral to the aorta could be Hi?en the tiny, opaque, whitish corpora cardiaca, which 
could be easily removed together with the corpus allatum when the trachea 
is dissected away. 

The following methods were used in this inv^estigation : 

1 . Freshly dissected glands were gently flattened in a drop of iusect-Kinger on 
a slide for examination under the phase- contrast and dark-ground microscopes. 
The spheroids were studied in living cells by staining in 0*001 % neutral red. 

2. For general observations, material fixed in Bouiiils, Helly’s or Orth’s fluid 
was sectioned and stained in Hoidenhain’s iron haematoxylin. 

3. For neurosecretory connections, the entire nerve ring together with the 
aorta, the anterior end of the gut and the endocrine glands were fixed in Bouin’s or 
Smith’s fluid, and sections were stained in Gomori’s chrome alum-haematoxylin- 
phloxine (Gomori, 1941). 

4. For lipochondria, Aoyama’s, Kolatchew^s and Baker’s sudan black (Baker, 
1949) methods. 

5. For phospholipids, Baker’s (1946) acid haematein and pyridine extraction 
tests. 

6. For diphenols, Lisoii’s chromaffine tests (Lison, 1953), indole reaction 
(Pearse, 1953), Gibb’s method for argentaffin granules (Gomori, 1953), Giemsa 
method for adrenochrome after Sevki (Pearse, 1953), Vulpian reaction, acid dia- 
zonium reaction for aromatic amines and phenols (Pearse, 1953), hexamine-silver 
method of Gomori (1953), and Hillarp and Hokfelt (1955) method for noradrenalin 
and adrenalin. 
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7. Chromatographic methods for diphenols (Block, Durrum and Zwoig, 1956) 
after Roux (1951) and Barton, Evans and Gardner (1952). 

8. For experimental investigations on myotropic activity, isolated hindgut 
oi I pliita (Pyrrhocoridae) and Aspovgopus januf^ (Fabr.) (Pentatomidae) were used. 
For studying chromatophoro tropic activity, (Airklina laevis Heller (Decapoda) 
among the Crustacea, Aphclieilus lineatum (Cuv. and Val.), Barbus vittatus (Day), 
and Eiroplus inaculatus (Bloch) among the lislies. and the lizard Hemidactylus hrookii 
Gray were used as test animals. 

3. Observations 

(a) The endocrine syMeni of Iphita {Text -Jig, 1 ) 

Situated in the pai*8 inter cerebral is of the brain of Iphita limbaia St&l., is a pair 
of clusters of neurosecretory cells. Each cluster is (composed of sixteen colls and 
the two clusters lie just underneath the incinbranous investment of the brain 
below the level of the longitudinal trachea. Springing iroin each cluster is a nerve 
composed of the axons of the neurosecretory cells, which run forwards and down- 



Tkxt-fio. 1. Diagram of the endocrine system of Iphita. AO — aorta; AX — axonic pathway 
from neurosecretory colls; CA — corpus allatum; CC — corpus cardiacum; 
CN — cardiac nerve; t'Q — foregut; HY — hypocorebral ganglion; NO — 
neurosecretory C 0 ll.s of the brain; RN — recurrent nerve. 

wards, and after forming a chiasma run posteriorly. At the posterior phase of the 
brain, each emerges out as the cardiac nerve running to the corpus cardiacum. 
The two corpora cardiaca are tiny glands, each measuring about 182 to 196ft in 
diameter, lying on the two sides of the anterior end of tlxe aorta and intimately 
connected to its walls. They extend to the ventral edges of the aorta where they 
meet and fuse forming a bridge-like mass (Plate XIX, C). Lying between the lobes 
of the corpora cardiaca and shifted posteriorly is the median hypocerebral ganglion. 
A large corpus allatum lies attached to tho ventral wall of the aorta, just behind the 
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hypocerebral ganglion. In tho adult male this gland measures about 390/Lt in 
diameter, in the young adult f<‘malo it is 350/z in diameter, while in the gravid 
female it is in diameter, Tlie corpus allatum is connected to the corpora 

cBi’diaca by a median allatic nerve. 

{h) JSf^uroMf.crdory coyivectionH 

A detailefl aficount of the neurosecretory connections to the rotrocerebral 
endocrine organs of IphiUi has been given by the author (Nayar, 19566). ^Vllen 
stairuid in (Jornori’s chrome alum liaematoxylin-phloxine, the pathways along 
which the neurosecTctory matter from the cells of the pars intercerebralis gets trans- 
ported could easily bo made out in the form of blue granules and irregular lumps of 
colloids on a red phloxinophilio background. The axons from the neurosecretory 
colls of thc» brain servo to transport the colloids, stainablo blue, to the corpora 
i^ardiaca, whore they aggregate as clumps and granular masses among the cells and 
along the edg(^ of the gland. Through the allatic nerve the neurosecretory colloids 
pass into the corpus allaturn. At the junction of the allatic nerve, the recurrent 
nerve of the stomutogastric system also is in conta(;t, and through this region neuro- 
secretory materials flow iutf> this sympathetic cord also (Text-fig. 1). Actual flow of 
neurosecretory material into the blood by percolation through the aortic wall also 
ha-s bc'cn observed in I phi ta. 

(c) Htrnctnrc of the corpn.i cardiacinn 

UruhT the stereoscopic binocular, the corpora cardiaea appear as white, opaque 
bodies. In this respect they resemble the nourosecrotory cells of the brain. Like 
the n(niros(^creb)ry (‘(^lls, the corpora cardiaea also show up as shiny, bluish-white 
structures under (lark ground illumination (Plate XIX, .1). When the preparatkm is 
very gently pressed, the extreni(>ly thin, membranous envelo]>e of the gland breaks 
and colloids and granid<'s flow out which remarkably r(^semblo the shiny bluish- 
wliite products of the neurosecretory colls. The cells of the corpora cardia(?a remain 
intact and shiny, and it is evident that the shiny matter that flows out of the gland 
represents the contents outside these cells, suggesting that they may be the neuro- 
secretory matter. This assumptiou is supported by the finding that the corpora 
cardiaea of insects, where the neurosecretory cells have been extirpated three days 
earlier, show only faint, bluish-white matter flowing out or remaining inside the 
gland. The gland in this case as a whole loses the whitish colour and appears pale 
brownish. 

Under the phase-contrast niicroscofx) tlio corpus cardiacum is seen to have a 
sot of large cells wliicli could be easily dislodged by slight pressure. These cells have 
rounded nuchu with dark chromonemata and conspicuous ehromocenters (Plate 
XTX, B), They measure from 13 to 20^ in diameter with nuclei of about 10 1/a 
in diameter. Their cytoplasm shows a granular appearance with the granules often 
clumi)ed together to form irregular masses. Inner to this layer of cells could be 
seen the fibres of the cardiac nerve as streaks, which show on them spheroids. Close 
to these streaks could be seen aggregates of spheroids with clear interior and dark 
rims, representing the neurosecretory matter accumulating in them. The rest of 
the gland shows a cytoplasm which is granular and which (loes not present a homo- 
geneous nature. Hero often the cells appear elongated when the preparation is 
well pressed, measuring about 15 to 20^ in length with a nucleus of about S/a in 
diameter situated in the broader part of the cells. 

When stained in 0 * 001 % neutral red, the cells show vesicular and transparent 
nuclei and among the large cells and along the track of the axonic bundles could be 
seen large spheroids which take up the r^ colour. These spheroids measure from 
0 48 to 1 43/i in diameter, the majority being about 0 71 to 1 08fi in diameter. 
These neutral red spheroids are similar to those of the neurosecretory cells. 
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In routine sections stained with iron haematoxylin after fixation in Orth’s or 
Bouin’s fluid, the peripheral larger colls could be soon in a well-preserved condition 
(Plate XIX, C). They show well-defined nuclei and granular cytoplasm, the latter 
taking up a blue stain in Oomori’s chrome aliim-haematoxylin. Among these c^lls 
and lying inner to this cellular tier are granular clumps, which generally stain bright 
blue in chrome haematoxylin (Text-fig. 2; Plate XIX, i)). However, in some 



Text-fio. 2. Camera lucida drawing of a Boction through the corpus cardiacum of Iphita, 
showing colloids in intcrc<?llular rogion.s and among tho nerve tihros. Tho 
peripheral celly with granular matter also shown. AO — aorta; IC — inner 
ctdls; MC — periijhoral cells; NC — neurosecretory colloids among colls. 


preparations tiiese colloids take up a shiny red colour thus appearing phloxinophilio : 
the true nature of this coloration is not understood. This is the neurosecretory 
matter collected in the gland. The smaller nuclei in the rest of the gland take up 
the red component of (lomori’s stain. 

The spheroidal bodies seen in the axonic region of the corpus cardiacum 
represent the lipochondria as evidenced by staining in sudan black by Baker’s 
method. They produce the characteristic blackened pictures in the classical ‘Golgi 
preparations’ like Aoyama’s and Kolatchew’s methods. They are thus sudanophil, 
argentophil and osmiophil. 

The granular substances of the cytoplasm of the larger cells are to a certain 
extent argentophil as they reduce silver in Aoyama’s method (Text-fig. 3). In 
'osmium method no satisfactory pictures have been obtained. The black granules 
produced by Aoyama’s method form only a part of tho granular constituents of 
these cells. They are seen as scattered bodies on the outer wall of the nuclear 
membrane also. In sudan black-staining such granules are feebly coloured greyish- 
black ; they are poorly coloured in neutral red also. 
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Text-fio. 3. CamoFA lucida drawing of a peripheral cell of Jphita in an Aoyama preparation, 
ahowing apheroida reducing silver. 8ueh spheroids are soon in the cytoplasm 
and along the nuclear membrane. 

When the whole gland in treated with 1% osmie acid, the large cells become 
brownish and remain like that for about a day. Soon the whole gland becomes 
brownish- black and the details are lost. From this it could be inferred that these 
larger cells form the osmiophil cells of the gland. It could also be concluded that 
the granular-spheroidal contents of tlieso cells constitute a substance different from 
the neurosecretory matter tlunigh they are coloured blue in chrome alum- 
haomatoxylin. 

The phospholipid (‘ontont of the corpus cardiacum, as evidenced by Baker’s 
acid haematein test and conlirmed by pyridine extraction tests, is seen as blue 
concretions and granular masses in tiio n^gion of the neutral red-jx)sitive spheroidal 
structures of the lipo(*liondria. They are abundant along and near the axonic 
tracts and among the large cells. The cellular regions of the gland are only poorly 
(coloured. The contents of the neurosecretory (x^lls of the brain are rich in phospho- 
lipids, and identical matter is seen clumped in the axonic regions and adjacent 
portions of the corpora (jardiaca. 

The chromaffin content of the corpora cardiaca has been studied by various 
authors with conflicting nvsults. In ipfiiUt, when tests Avere made on whole glands 
according to Lison’s method, faint yellowish coloration was seen. No granular 
material was seen giving positive reactions. A faint violetish colour was developed 
in certain cases in indole reaction tests when sections were incubated for sixty 
minutes at 6()°0. But negatives results woro obtained when gland sections were 
treated with diazotised p-nitn)aniline, hexamine-silver and weak ferric chloride. 
No special staining eflect was noticeable when material tixed in Orth’s fluid was 
treated with dilute Giemsa according to Sevki’s method. 

Chromatograms run at room temperature with butanol : acetic : water (4:1: 5) 
on Whatman No. 1 paper by circular or descending methods, when sprayed with 
ferric chloride/potassium fcrricyanide (Block, Durriim and Zweig, 1955), gave no 
positive blue coloration at all. Extracts of ten corpora cardiaca in one ml. 
of ethanol or distilled water were used for spots, each of O' 02 ml. volume. Carbonic 
acid : water at 4 2 (Barton H nl,, 1952) was also used as a solvent. Spraying 
with weak ferric chloride or su crose-HCl-ethanol (Roux, 1951) also gave no indi- 
cation of any phenolic substances on the chromatograms. 

( d ) Experim e nidi invesiigat io ns 

(i) Myotropic activity , — Cameron (1953), Wigglesworth (1954, citing Cameron) 
and Roller (1954) have ^awii attention to the myotropic activity of the extracts 
of the inseotan corpus cardiacum. The hindgut of Iphita when isolated in insect- 
Ringer showed no definite peristalsis. Some sporadic contractions were noticed, 
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but it was found that these could not be advantageously studied in experiments. 
Examining the hindgut of another bug Aspo^gopiis janm (Fabr.), (Pentatomidoe : 
Hemiptera) it was seen that when isolate and cleaned from debris, it would 
continue to exhibit peristalsis in insect-Ringer for more than ninety minutes. The 
rate of peristalsis starts at about 10 per minute, which in a few minutes will fall to 
8 per minute. It will continue to show regular contractions at this rate for more 
than an hour at room temperature (86^ to 88^P.). 

Five pairs of corpora cardiaca of IphiUi wore crushed and added to 1 ml. of 
Ringer and mixed well. After centrifugation at 5,000 r.p.m. for ten minutes, the 
supernatant was used as the extract. 

A preparation of the hindgut of Aspongopus in a dish with 5 ml. of Ringer was 
used for the experiments. When 0*2 ml. of the extract was added to the Ringer, 
no noticeable effect was seen, but when 0-5 ml. of the extract was added, the rate of 
peristalsis increased, becoming 10 per minute in two minutes and rising up to a rate 
of 12 per minute in three minutes. After lifteen minutes it fell to 10 per minute at 
which rate it continued for more than thirty minutes (Text-fig. 4). 



TIME IN MINUTES 

Text-fig. 4. The rat© of contractions per minute of the isolated hindgut of Aapongopus, 
^ — when extract of corpus cardiacum of Aspongopua was added; B — when 
extract of corpus cardiacum of Iphita was added; C — with isolated hindgut 
in Hoitfretor solution of pH 6*6 with extract of corpus cardiacum of Iphita 
added; D — with extract of corpus cardiacum of Iphita deprived of neuro- 
, secretory cells added. 

When the corpora cardiaca of Aspongopus itself were used, it was seen that the 
frequency of peristalsis rose from 8 to 16 per minute at which rate it continued for 
over thirty minutes (Text-fig. 4). 
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It is worth nentioning here that granular bodies coloured brownish-yellow 
were seen in the cytoplanm of the cells of the corpora cardiaca of Aspongopus when 
the glands were treated with 10% potassium iodate followed by formalin according 
to Hillarp and Hdkfelt’s (1955) method. Such a granular structure was not seen 
when the glands of J phita were treated likewise. 

The pH of the Ringer, in which the preparation of the hindgut was placed for 
<5xp(^rirnentH. had been seen to have a role in deciding the frequency of peristalsis. 
The j/H of stock insect-Ringer used for tlie study ranged from 3 o to 3 7, while fresh 
Ringer luul a pH of 4*6. Freshly mixed Holtfreter solution giving a pH of 6 6 was 
used as a medium, and it was observed that the hindgut of Aspongopus contracted 
It) times per mintite for a considerable time. When extracts of corpora cardiaca 
were added the rate of {K^ristalsis rose to 15 per minute in one minute and reached 
up to 24 p<T minute in throe minutes’ time. It continued to contract at this rate 
for a long time. The variation of the rate of contractions of the hindgut at different 
pH is given in Table I. 

Table I 


TnhUi showing the rate of contractions per minute of the isolated hindgut of 
Aspongopus j/inus in physiological solutions of different pH 



I 

Av'orago number of 

pH of Ilinger 

Avortigo normal 

coat ractions/rnimito 

contractions/niinuto 

on addition of 



extract 

3-5 

8 

12 

37 

H 

12 

4-6 

8 

12 


10 

24 

7-2 

8 

15 (irregular) 

8-0 

nil 

nil 


Nourosecrotory cells from brain either extracted or directly added to the 
medium produced no increase in the rate of peristalsis. Corpora cardiaca from 
insects deprived of their iieurosooretory cells three days earlier show^ed definitely a 
rise in tho rate of peristalsis l)ringiug it to 9 to 10 per minute. 

(ii) ('hrotnatophomiropic activity, — Corpora cardiaca of insects have been stated 
to possess a chromatophorotropic activity (Brown and Meglitsch, 1940; M. 
Thomson, 1943). The common freshwater shrimp Caridina laevis was selected as a 
tost animal. Here the animal has red chromatophoros which completely disperse 
(reticulate type) converting it into a dark animal in dark surroundings and which 
concentrate (punctate typo) rendering it pale in clear and sandy background. 
Hogben and Slome group the ohroraatophore changes in animals into five steps 
(chromatophoro index 1 to 5), viz. punctate, punctate-stellate, stellate, stellate- 
reticulate aud reticulate (Parker, 1948), to designate tho degrees of dispersal or 
concentration of pigments. In Caridina, reticulate measures about 170/x in 
diameter, stellate-reticulate about 130/a, stellate about 104/a, punctate-stellate about 
52/a, and punctate about 13 to 20/a. Tliese represent tho stages 5, 4, 3, 2 and 1 
in Text-fig. 5. 

In the slirimps where eyes are removed, the red chromatophoros disperse 
completely to stage 6 irrespective of the environment and they failed to concentrate 
as the regulatory eye-stalk hormones were wanting. In such animals entire corpus 
cardiacum or extracts of ten glands in I ml, of distilled water made as suggested by 
M. Thomsen (1943) were administered. When the corpus cardiacum was injected 
w holly by a fine glass needle into the body of an eyeless shrimp, the animal reacted 



IPHITA LIMBATA STAL. (PYRRHOOORIDAE : HEMIPTERA) 


179 


in a few minutes by concentrating the red cliromatophores. In about 10 minutes^ 
time they became punctate-stellate and in 20 minutes^ time they eoncentra^d 
fully to stage I. All the red chromatophores did not show the same effect, a few 
contracted slow'ly. 0*5 ml. of extracts injected into the body gave the same results; 
0 2 ml. of the extract concentrated the cliromatophore comparatively slowly. Add- 
ing extracts to bits of branchiostegites removed and kept in insect- Ringer also gave 
the same results, the rate of contraction being somewhat slower (Text-fig. 6). 



TIME IN MINUTES 

Text-fig. 5. The chromatophoro index of Caridina under the influence of the extract of the 
coipua cardiacum of Iphitci. tOHts on isolated branchiostegites; B 
results of injection of extracts into eyeless shrimps. 


The neurosecretory cells showed no effect on the pigment cells of (Caridina. 
Though the corpuk cardiacum can induce concentration of the red chromato- 
phores in Crustacea, their effects on vertebrate pigment cells have not been studied 


so far. 1 , 

Isolated scales of fishes belonging to Aphclmlvs lineaiurn Mia Barbus vittatus 

put ill distilled water showed their melanophores somewhat dispersed. The 
extracts of corpora cardiaca or crushed corpora cardiaca placed on these scales 
produced no effect on the melanophores. In Eiroplus, the isolated scale removed 
to distilled water shows a few melanophores punctate and a few somewhat dispersed. 
The corpus cardiacum has no effect on those melanophores, but the neurosecretory 
cells of the pars intercerebralis of the brain when cruslied and placed on the scale 
were seen to induce a dispersal of some of the punctate melanophores. The change 
was slow and extended over 30 minutes. 

Hypophysectomized lizard Hemidactylus brookii was also used as a test animal. 
After hypophysectomy the animal turns pale, and blanching is completed in about 
^0 minutes. Within about a week the animal begins to shed iU skin in large 

patches. j ^ x 

Three pairs of corpora cardiaca of Iphiia were crushed into a paste ana put into 
the thigh of such hypophysectomized lizard. This produced a local expansion of 
the chromatophores. They began to expand in about 20 minutes and the 
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dispersal lasted for about 150 minutes. The action was localized in the regions of 
the thigh and the i>elvi8. 

In another exi)eriment, freshly dissected corpora cardiaca (a pair) of Iphita. 
wore pushcKl with a fine glass needle into the thigh of a light-adapted pale animal. 
The ohrornatofihores of the region began to disperse in about 15 minutes. 

The neurosecretory colls of the insect showed no effect on the lacertilian 
chromatophores. 

4. Discussion 

The general distribution of the endocrine glands in Iphita limfjata resembles 
that of Pyrrhomris apterns described by Cazal (1948). 

The corpus cardiacum of Iphita is not syncytial and in this respect it differs 
from that of Loca.sta, (Nayar, 1954) and the corpus allatum oi Iphita itself (Nayar, 
1956a). The distinction of chromophobe and ohromophil cells could be made out 
in Iphita also, as has betm noticed in other insects by Cazsl (1948). The chromophil 
cells are also osmiophil as ol)Hervod by Pfliigfclder (1987). But a well-defined 
osmiophil nature could not bo sc<3n in Iphita beyond an initial stage as osmic acid 
is reduced by the entire gland. 

The neurosecretory conuo(itions of the corpora cardiaca of Iphita have been 
discussed fully by the author (Nayar, 19565). Th(3 corpus cardiacum receives a 
good amount of the neurosecTotory raatiTial whic‘h gets collected as colloids among 
the cells and on the axons. This material, stainable blue by chrome alum- 
haematoxyliu, accumulating in the corpora cardiaca has been observed by other 
authors also like 8charror (1952) in Ij^ncophaea, E. Thomsen (1952) in (^alUphora, 
Arvy, Boimhiol and (babe (1958) in Bomhyjr, Arvy and (iabe (1958) in Odonata and 
mayflioH, Arvy and (Jabe (1954) in Plecoptem and M. Tliomsen (1954) in Hymen- 
optera. Curiously ent>ugh in some preparations it has been seen that these 
(‘oucrotioriB in the corpora cardiaca of Iphita become phloxinophil. The true nature 
of this tintorial reaction could not bo made out. 8charrer (1955) cites examples 
whore neurosecretory matter in insects stains rod in (Joinori’s chrome alum- 
haomatoxylin-phloxine; this staining property applies to the melanophore-expand- 
ing hormones of the vertebrates also. 

The use of dark-field microscopy in the study of living neurosecretory cells and 
their products, together with phase- contrast examinations, have become increasingly 
popular (E. Thomsen, 1954; Nayar, 1955a). The presence and distribution of the 
neurosecretory content which is refractile could be made out clearly by these 
methods. 

An additional proof of neurosecretory material accumulating in the corpus 
cardiacum has been afforded by the acid haeinatein tests performed in the present 
stiidies. The phospholipid content of the neurosecretory cells and their axons 
could be seen in the axonic tracts of the cardiac nerve and the regions around it and 
near and among the cells of the cardiacum. 

The granular mass of the cytoplasm of the cells of the corpus cardiacum 
represents the secretion of the gland itself. Though this also is stainable blue by 
chrome alum-haematoxylin, it does not resemble the neurosecretory matter because 
it reacts poorly to lipochondrial techniques and it does not show a rich phospholipid 
content. In Plecoptem, Arvy and Gabe (1954) have shown that the cellular 
contents of the corpora cardiaca stain red in Gomori^s stain. 

Roller (1948) observed that extracts from the head of a number of insects 
would bring about an acceleration of contractions of the malpighian tubes. Work- 
ing from that point, Cameron (1953) pointed out that extracts of the corpora 
cardiaca of Periplaneta will increase the activity of the malpighian tubules of 
Locusta and will accelerate the rate of contraction of the hindgut of Locusta and 
Periplaneta. The same extracts were shown also to increase the rate of heart beat 
of Periplaneta by 60 per cent (vide Wigglesworth, 1964). 
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Roller (1954) showed that the extracts of the corpus oardiaoum of Caramius 
would retard the contractions of the gut of beetles, while extracts of the corpus 
allatum and intestines would accelerate it. 

In the light of these conflicting findings, it is interesting to note that the rate of 
contractions of the hindgut of AApongopns gets accoleratod when the extracts of 
the corpora cardiaca are added to the medium, thus confirming Cameron’s obser- 
vations. Extracts of cor|X)ra cardiaca of Iphifa exerted a comparatively feeble 
acceleration. 

The volume of a pair of corpora cardiaca of Iphiia is approximately 0*006 mm.^ 
In an extract of five pairs of glands in 1 ml. the strength may be about 1 : 3-40, (X)0. 
When 0-2 ml. of the extract was added to the gut preparation in I ml. of Ringer, no 
noticeable effect was observed, but when 0 5 ml. of the extract was added the rate 
of peristalsis showed an acceleration. This sliows that a dilution of 1 : 200, (MX) was 
ineffective, while 1 in about 80,000 was effective. It suggests that probably the 
content of the active principle in the corpus cardiacum of Iphita is lesser than that 
of Periplanetn (Wigglesworth, 1954). 

The significance of pH in inducing increased rate of contraction has been noted 
by Roller (1954). Here, in Iphiia also the maximum contractions have been 
observed around pH 6 6. 

The facts that the neurosecretory cells and their extracts do not accelerate the 
contractions of the gut, and that corpus cardiacum of an insect deprived of its 
neurosecretory cells earlier could induce this acceleration, suggest that the 
myotropic activity is due to substances in the corpus cardiacum aiul not essentially 
due to neurosecretory matter. This substantiates similar conclusions drawn by 
Cameron (1953). 

Brown and Meglitsch (I94d) and M. Thomsen (1943) have recorded the 
chromatophorotropic activity of the insectaii corpora cardiaca. Both have used 
Decapod Crastacca as their tost animals. The chromatophorotropic activity of 
the corpora cardiaca of Iphiia on the shrimp (Uiridina is similar to that observed by 
the above workers on their experimental animals. The active principle of the 
corpus cardiacum brings about a contracjtion of the expanded red chromatophores 
of Caridina, Functionally this principle is thus similar to the eyo-stalk-hormono 
of Decapoda. 

The influence of invertebrate hormones on tlie colour change of vertebrates has 
been studied by some authors (vide Haustrom, 1939). The results obtained by the 
various investigators have been conflicting. Abramowitz (1936) states that eye- 
stalk extracts of Palemonetes expanded the melanophores of hypophysectomized 
Mustelvs, Rana^ and A nolis and dispersed the chromatophores of the fish Chrosomus 
and hypophysectomized Ainieurus. The effect of insectan corpus cardiacum, 
which physiologically shows a chromatophorotropic activity similar to that of the 
eye-stalk-hormone of the crustaceans, has not so far been tested on vertebrates. 
In the present investigation it has been shown that generally the piscine melano- 
phores do not react to the extracts of corpora cardiaca, but the latter brings about a 
dispersal of pigments in the melanophores of light-adapted and hypophysectomized 
llemidactylus. 

Hormones have been demonstrated to bring about concentration or dispersal 
of chromatophores in vertebrates. The chief element that brings about the dis- 
persal is intermedine or the ‘ B ’ hormone of the pituitary (Parker, 1948). Adrenalin 
has been seen to bring about blanching. By hypophysectomy the lizard is denied 
the intermedine necessary for the dispersal of pigments and this fact has been 
observed in Hemidactylus hrookii by Noble and Bradley (1933), who have also 
studied the process of moulting in the animal accompanying the removal of the 
pituitary. A supply of intermedine artificially will bring about dispersal of the 
chromatophores in such animals. The present study shows that a similar but 
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localized dispersal of pigment could be induced by supplying the active principles 
of the corpus cardiaouin also. 

'^Chough the melanophores of fish scales do not react to the corpora cardiaca. 
some of the concentrated pigment cells of the scales of Etraplus show a dispersal 
when crushed neurosecretory (jells of the brain are placed on them. 

It is intercHting to note that the corpus cardiacum of Iphita possesses chroma- 
to[)horotr<jpic activity which is of no use to the animal. This insect is not capable 
of any kind of (jolour chaTige and this endowment of a chromatophorotropic principle 
may Ikj the attribute of the hormone whicjh })roduce8 myotropic and other effects 
in th(5 animal. In some insects like Corethra, however, the corpus cardiacum in 
common with tlio brain secretes a substance related to adrenalin causing dispersal 
of mela!iu[)horo8 over the air sacs (DuPont-Raabe, 1949). 

The chromatopliorotropic activity is not impaired by the remova lof the neuro- 
secretory cells fjarlier from the insect. 

The nature of the active principle or princiyjles of the corpus cardiacum has 
been worked out to some extent by Cameron (1953). Workers like DiiPont-Raabo 
(1949) and V'aruuicci (1953) have suggested that adrenalin or adrenalin-like 
HubstancoH are elaborated by these glands. 

The cliromaflino test as elaborated by Lison (Lison, 1953) has been positive on 
the whole glands. Using larvae of Tenebrio, CamcTon {vide Wigglesworth, 1954) 
showed three spots in ohromatogi*ams, of which one lies between Rf 0 3 aiid 0*4, 
which when eluted from the paper revealed the same pharmacological effects as the 
glaud'Cxtract itself. He (joncludes that the active principle is neither noradrenaline 
nor adrenaline, but an unknown orthodiphenol. Ostlund (1954) has shown that 
extracts of insects contain a considerable amount of dopamine also. The present 
investigation shows that a fooblo chromaffine reaction is discjernible in the corpus 
cardiacum of Iphita, Histochomical methods for revealing diphenols have, how- 
ever, yielded only negative results. Clu'omatograms have shown no definite spots 
and it may bo possible that these are due to the very small quantities of the 
diphonols that may bo present. 

Knowles, Carlisle and DuPont-Raabe (1956) in their studies on the chrome- 
activating substances in arthropods have shown that in paper electrophoresis of 
the corpora cardiaca of Carausius, elute of a band at —I was strongly active on the 
small and largo red chromatophores of Leander, In electrophoretic migration and 
in its effects it was comparable to their ‘A’ substance obtained from extracts of the 
post-commissural orgark};^ and sinus glands of Leander. Electrophoresis of brain 
extracts of Carausins showed a substance of low mobility (+0 and —0) which they 
call ‘C’ substance, whicli have no action on chromatophores of Leander. The red 
chromatophores of Caridina resemble those of Leander in their reactions to extracts 
of the corpora cardiaca. 

Holmes (1950) in discussing chromaffine tests has drawn attention to certain 
pitfalls in interpretation. He cites Lison’s observations that positive chromaffine 
reaction manifests as a uniform, non-granular cytoplasmic coloration. He points 
out that prolonged treatment with dichromato and chrome-fixation leads to 
coloured granular deposits in the cytoplasm. It should be mentioned, however, 
that yellowish -brown granular substances seen in the cytoplasm of the cells of the 
corpus cardiacum of Aspongopns, where no treatment with dichromate has been 
done, are probably indicative of a granular chromaffin substance. The glands were 
here ti'eated with 10 per cent potassium iodate for 48 hours and were then treated 
with formalin for 24 hours and mounted (Hillarp and Hokfelt method). Such a 
granular substance wus not noticed in Iphita. 

Ten Cate has observed (Prosser, 1950) that isolated foregut and intestine of 
Dyiiscus are excited by acetylcholine and nicotine, while adrenalin has no effect on 
them. Lewis (1953) has shown that a rapid synthesis of acotylcholine-like sub- 
stances can take place in extracts of heads of Calliphora and Lacilia (04 and 6 3 
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tissue freshweight respectively). But Wigglesworth (1954) has pointed 
out that acetylcholine has not the stability of the active material from insectan 
corpora cardiaca and ho presumes that it may be related to adrenalin. 

5. SUMMAHY 

1. The corpora ciirdiaca of Iphita livibata St&l. (Pyrrhocoridao: Homiptora) are paired 
glands measuring from 182 to iOo/L* in diameter. 

2. They are connected to the nourosecretory colls of tho pars interoerobralis of the brain 
by the axons of the latter which comprise tho cardiac nerve. 

3. Each gland is composed of larger peripheral colls situated laterally, which are osmiophil, 
and smaller cells with heterogeneous cytoplasm. Tho axons of tho cmrdiat? nerve bring neuro- 
secretory colloids and a good quantity of those remains stored in tho gland. Phase -contrast and 
dark-field microscopy, Gomori’s chromo-alum-haomatoxylin-phloxino and Baker’s tests for 
phospholipids confirm this point. 

4. The cells of tlie corpus cardiacum also elaborate a secretion which appoiira to bo differeul 
from tho neurosecretory matter. 

5. Faint indications of the presence of chromaffin material are given by Lison’s tests and 
indole reliction. Other tests for phenolic substances, including chromatographic analyses, 
yielded no positive results. 

6. The corpus cardiacum contains active substaneo or substances having a myotropic 
activity. The exlnicts from tho glands caii accolorate tho rate of peristalsis of tho hindgut of 
the bug Aspoyigopus janus (Fabr.) (Pentatomidiio). Optimum results are obtained at pH 6*0 
and a dilution of 1 in 80,000 can induce this acceleration. 

7. Tho extracts of tho corpus cardiacmm have chromatophoro tropic effects on tho rod 
pigmcmt cells of tlio Decapod Crustacean Caridina laevis Heller ami tho molanophoros of light- 
aclaptod and hypophysectornizod lizard Hemidactylua brookii. 

8. The neurosocrot-ory cells seem to have no myotropic or ohromabophorotropic activity. 
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Soon after Koppen’s (11)00) first attempt to classify the elimatcB of the world on 
the basis of drainage patterns peculiar to arid regions, many attempts have been 
made by several investigators in diiVerent fields to improve upon his classification. 
Among these may be mentioned Livingston's (lOKI, 1910) ‘temperature indices', 
Lang's (1915) ' P-T ratio’, De Martonne's (1926) index of aridity’, Transeau’s (1905) 
index of precipitation ellectiveness’, Meyer’s (1926) ‘le quotient hygromctrique’, 
Emborger’s (1930) ‘expression synthetique du climat’, Tliornthwaite’s (1931, 1933) 
'P-E indices’ which ho (1948) later modified into what is at present called the 
‘ potential evapo transpiration’. 

In the present investigation an attempt was made to find if the vegetation types 
of India, Pakistan and Burma as laid down by Champion (1936) could bo satisfac- 
torily explained on the basis of Koppen’s (1918, 1036) and Thornthwaite’s (1931, 
1948) climatic classifications. As a result of this it was found that Koppen’s as well 
as Thornthwaite’s classifications would not suit the diverse climatic conditions of 
India, Pakistan and Burma. 

Koppen (1900, 1918) published two classifications of the climates of the world, 
the first in 1900 and the second in 1918. In both these articles he devoted little 
sx>ace to the consideration of the identification of the natural climatic regions, Ho 
rather concentrated mainly in developing rules and formulae for defining De Can- 
dolle’s (1856) groups in numerical terms. De Candolle (1878) proposed an original 
classification and proposed also six sub-divisions. Five comprise plants that are 
physiologically adjusted to various ranges of mean armual temperature and 
the sixth comprises plants that have made various physiological adaptations to 
drought. These are the Megistotherms, Megatherms, Mesotherms, Microtherms, 
Hekistotherms and Xerophytcs. De Candolle made use of the symbols A, B, C, 
D, E to represent his five vegetation groups with B referring to the Xerophytcs. 

Koppen stated that he had obtained much help and inspiration from Grisebach’s 
(1875) vegetation map and that it had given him an appreciation of the regtilarity 
and symmetry of the pattern of climate over the earth. Actually the map is far too 
general to have been of any direct aid in locating climatic boundaries. Further- 
more, there is almost complete lack of accord except in most general terms between 
Grisebach’s map and De Candolle’s physiological groups. There is nothing incon- 
sistent in De Candolle’s use of the symbols A, B, C, Z>, E to represent his five vege- 
tation groups since he regarded them as parallel zones but for Koppen to adapt this 
system to represent the climatic pattern, displayed on Grisebach’s map, is quite 
different. Climatologists have often been puzzl^ by Koppen’s use of the symbol 
B for the dry climate, not realizing that it traces back through De Candolle to the 
Greek system now pretty thoroughly discredited. 

♦ Paper re^ul at the Second Conference of the Pan Indian Ocean Science Association, held at 
Perth, W. Australia, in August, 1954. 
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Hod Koppen used Schiraper’s (1903) map of vegetation formations as a basis 
for the identit^catiori of climates, his classilication would have been very different 
and very much better. Schimper’s vegetation formations are clearly described, 
easily recognized, and reasonably well mapped. Furthermore, his careful and 
systematic discussion of the climate corresponding to each formation supplies 
precisely the material that is needed to work out the general framework of a 
clirnati(; classilication in line with Koppen ’s ideas. Schimper's work, therefore, pro- 
vides a basis for a natural classilication of climates. 

For cstablishitig the boundaries betwccui dry, steppe and humid climates, 
Koppen did not take into consideration the increase of evaporation with the 
incr(*ase in temperature. Trabcrt (1896) considers the following formula as the 
best expression for the rate of evaporation (i?):- — 

R = C'(I + a<)\/F (E-e) (1) 

In this expression (J is a constant depending upon the barometric pressure, W is 
the wind velocity, E is the maximum vapour pressure for the temperature of the 
evaporating surface, e is the actual vapour pressure in the air above and a = 1/273. 

When wo substitute the corresponding values for the temperatures 5"^, 10° and 
1 considering C\ IV and e as constants for the region under consideration, Ave 
find:-- _ 

/?6 = C(■2^S|■21i)^/W{C> -y-e) 

Ryn = C(2mj21‘2)\/W(\)-2-e) 

Rii = (J(2SHj2T2)\/W(\2-S-e) 


Ihis greater increase in the value of It as temperature increases is not expressed in 
Koppen’s formula. 

Thornthwaite put forward two classiiications of the climate, one in 1931 wliich 
he lirst of all applied to North America and later to the earth, while the second 
one appeared in 1948. Tlio first classilication is based on the computation of P/E 
ratios in terms of precipitation and temperature of a station. In deriving the rela- 
tion between PjE and P/T ho used evaporation measurements made at twenty-one 
continental stations wdiich are of one special climatic type (except one coastal station, 
(Jrowley, La of whic!h the effect no doubt disappeared in the process of averaging) 
and hence its applicability elsewhere is rather doubtful. His formula P/E = 11*5 

iOI9 

when solved for E (the rate of evaporation), gives: — 



E = 0087 


10 ) 10/9 
(P)l/9 ‘ 


In other words, the rate of evaporation varies directly as the approximate tempera- 
ture and has a small inverse dependence upon precipitation. It is true that the rate 
of evaporation depends on temperature but it is also controlled by other equally 
important meteorological factors such as the wind velocity and the saturation 
deficit, neither of which is allowed for in the formula. Secondly, the presence of 
precipitation in the above relation is quite unjustifiable, for the rate of evaporation 
cannot be regarded as a function of precipitation. 

As regards ThornthAvaite/s T-E indices, it may be said that the variations in the 
heat factor of climate do not generally result in the development of sharply defined 
boundaries between vegetation formations. As we go from the equator towards 
either the north or the south, we find that there is a gradual reduction in the variety 
of flora, with certain species being replaced by others. Thus the boundaries separat- 
ing tropical, mesothermal, microthormal, taiga and tundra are vague and ill-defined 
and there is no indication at present that it Avill be possible to locate them Avith 
precision. 
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The second classification of Thornthwaite's (1948) is based on the computation 
of potential evapotraiispiration by a formula which is purely empirical and according 
to his own words it does not accord with the newly developed law of growth. Further- 
more, the equation completely lacks in mathematical elegance. It is very compli- 
cated and, without nomograms and tables as computing aids, would be quite 
unworkable. The chief obstacle at present to the development of a rational equation 
is the lack of understanding of why the potential evapotraiispiration corresponding 
to a given temperature is not the same everywhere. 

To overcome the above stated defects in the classifications of Koppen as well 
as those of Tliornthwaite, wo thought that the PjE ratios based on actual eva- 
poration data should be computed which might enable us to explain the vegetation 
types of India, Pakistan and Burma according to Champion's classification. It is 
surprising to note tliat records of evaporation in various parts of the world are 
extremely scantj'^ and mostly unsuitable for a comparative study. Both in the length 
of the records and in the apparatus used for the measurements, there is considerable 
variation; one may say that, barring a few exceptions, the subject has attracted 
only amateur attention. Systematic measurements luive been started in the United 
States of America and Egypt ; Japan and other countries are slowly following their 
examples. 

In India there are about 3,000 rain-gauge stations, distributed more or less uni- 
formly. The rainfall records of these stations are available generally for more than 
fiO to 70 years. As compared to this rainfall measurement organization, the attempts 
at estimating evaporation have been quite meagre owing perhaps to the dilFi- 
oulties oi installing suitable instruments and taking observations with them. Some 
observations spread over a few years are available from the records of the Trivan- 
drum and Madras Observatories. The observations made by Leather (1913) at 
Pusa, those made at few irrigation works on the Cauvory and at some of the agricul- 
tural stations in the Punjab and in Sind and the very detailed observations made 
at Colaba and discussed by Banerji and Wadia (1932) practically exhaust the scanty 
list of data available in India. In recent years the Agricultural Meteorological 
Department liave started taking observations of the rate of evaporation using 
evaporating pans of the U.S. Weather Bureau type but the data are not yet stan- 
dardized nor are they made available to the public for any investigation. Hence, it 
became necessary for us to calculate the mean monthly evaporation from other 
meteorological factors which directly control it. 

Experiments carried out in the laboratories and outside have shown that the 
rate of evaporation increases with (a) the defect of saturation of water vapour, 
(6) the wind velocity, (c) the temperature of the water surface, and (d) the temperature 
of the air above the water surface. The effect of atmospheric pressure, judged 
from simultaneous observations at a few stations at different altitudes, has been 
found to suppress evaporation with increase of air pressure and vice versa. 

There are several formulae put forward by different workers for calculating the 
rate of evaporation from the meteorological factors but Carl Rohwer's (1931) for- 
mula obtained from a long series of elaborate experiments with a view to find 
separately the influences of each factor such as (1) temperature of the water surface, 
(2) temperature of the air near the evaporating surface, (3) the effect of saturation, 
(4) wind velocity near the evaporating surface and (5) altitude of the observation 
station above mean sea-level has been carefully estimated by a series of experiments. 
Evaporation figures obtained by his formula are found to be in close agreement with 
observations made with several types of evaporimeters. Hence it was thought 
desirable to compute from his formula the mean monthly evaporation needed for 
our investigation. 

The expression given by Rohwer for computing E, the evaporation in inches 
per 24 hours, is : — 

V E = (l*465-0-0186J5)(0*44+0'118IF) (e,-Ci) 
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where B is Uie barometric reading in inches of mercury, W, the mean velocity of 
ground wind in miles per hour, e, and refer to the mean vapour pressures of the 
saturated air at the temperatures of the water surface and at dew point respectively, 
both being measured in inches of mercury. As we have no data of water surface 
temperatures at our meteorological stations and hence have no means of directly 
calculating c, and since we are concerned with the mean daily evaporation, we may 
assume that the mean daily temperature of the water surface will not differ from 
that of the air at the same level. On the basis of this assumption llaman and Satako- 
pan (1934) substituted: — 

(x 

where h is the humidity percentage and e is the vapour pressure. Thus the final 
expression used for computing the monthly evaporation is:— 


jE = 


(l*46r)-00186i#)(0-44+(>118ir) 



e. 


The above formula could not bo directly applied to the data recorded by our 
meteorological stations since the wind instruments of the various stations are usually 
exposed at the top of a building or a tower, in order to secure as free an exposure as 
possible. The exposure as well as the height of the instrument above the ground 
vary considerably from place to place while W in the above expression refers to mean 
velocity of ground w ind in miles per h<jur. 

The variation of wind with height had been studied by Chapman (1932) and 
from his data it is possible to oalculatt^ the ratio of the wind at any height to that at 
standard level of 4 feet which is the height of the base of the Stevenson screen. 
This height of 4 feet was chosen since the temperature and humidity data refer to 
this level and because we have no knowledge at present of the correction for reduc- 
ing them to any lower level. 

To tt)st the applicability of our method, we chose a very largo area, namely 
India, Pakistan and Burma. However, we could only select 104 stations from this 
vast area since complete and continuous mean monthly records for 15 years (1926- 
1940) of the seven meteorological elements, namely (1) temperature, (2) precipita- 
tion, (3) barometric pressure, (4) wind velocity, (5) percentage humidity, (6) vapour 
pressure and (7) number of rainy days, together with the characteristic vegetation 
of other places were not available. Table I gives the statistics regarding the 104 
stations from the point of view of availability of water in their vicinity. From 
this table it is clear that equal importance is given to places in the interior as well 
as those in the proximity of large bodies of water, which is not considered 
by Thornthwaite in his earlier classification. 


Table I 


Situated 



In the 
interior 

On the 
West 
coast 

i 

On the 
East 

COfikSt 

i 

On the 
banks of 
the river 

On the 
hills 

Total 

Number of stations 

49 

12 

13 

26 


104 


2B 
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Table II gives the names of the stations that could be included in the present 
investigation, together with their characteristic vegetation according to Champion, 
their climatic types according Koppen’s oiassilication of 1918 and 1936, their 
climatic types according to Tliornth waiters classification of 1931 and 1948, and 
their PjE indices, which is the sum of the twelve monthly PjE ratios multiplied by 
10. The PjE ratios required to get the PjE indices were obtained for each month 
and for each station using the monthly normals of precipitation and other monthly 
normal data needed to compute the evaporation from the above modified equation 
of Carl Rohwer. The monthly normals refer to tlie period of 15 years already 
referred to on page 188. The PJE indices in Table II are shown with a subscript 
outside the bracket. These subscripts refer to the number of months during which 
there was some measurable precipitation at the station under consideration. 

A close examination of Table II shows that both classifications of Koppen’s 
and Thornthwaite’s fail to place the same stations having the same characteristic 
vegetation in the same category of climate. Thus, i‘or example, the first 26 stations 
in Table II with thorn forest as their characteristic vegetation belong to the semi- 
arid region of India, Pakistan and Burma. Koppen’s classification of 1918 places 
only 18 of them into the category of ‘semi-arid’ while the remaining seven fall into 
three different categories, viz. arid, periodically dry savanna and warm temperate 
rainy climate with dry winter. His later classification, however, places 22 stations 
out of these 25 into the semi-arid type wherojxs the remaining three fall into two 
different types, viz. desert and periodically dry savanna. Thornth waiters classi- 
fications of 1931 and 1948 place only 17 and 20 of these stations into the semi-arid 
type while the remaining 8 and 5 stations fall into 4 and 2 different types respect- 
ively. Thus, Koppen’s classification of 1936 fits bettor to the semi-arid regions of 
India, Pakistan and Burma but it does not give satisfactory results when wo 
consider stations in the other groups. 

The P/E indices given in Table II of all the stations from Hyderabad (Sind) 
to Cliitaldurg whose climate is akin to that of semi-arid and which have similar 
vegetation, viz. tropical thorn forest, range between I and 5. Places from Madura 
to Bombay having tropical dry deciduous as their characteristic vegetation have 
P/E indices which fall in the range from 5 onwards to 16; while stations 
from Daltonganj to Naya-Dumka having the same characteristic tropical moist 
deciduous (sal) forest fall in the range of 15 to 20. The tropical semi-evergreen 
group of stations come in the range of 20 to 50 and places having tropical wot ever- 
green vegetation have P/E indices above 50. The exceptions to tliis rule are Port 
Blair, Kodaikanal and Sagar Island which have tropical wot evergreen, sub-tropical 
wet and tidal forests respectively as their characteristic vegetation. On the basis 
of P/E indices these places should have tropical semi-evergreen, moist deciduous 
(sal) and dry deciduous forests respectively as their natural vegetation but it is not 
so owing to the peculiar micro-climates of these places. Thus with the exception 
of the vegetation of those tliree stations, the vegetation of the remaining 101 stations 
can be explained on the basis of the calculated PjE indices and grouping them in 
the way stated below. P/E indices 1-5 thorn forest, 6-15 tropical dry deciduous, 
16-20 tropical moist deciduous (sal), 21-50 tropical semi-evergreen, 61 onwards 
tropical wet evergreen. 

These P/E indices have some advantages compared with the aridity factor 
given by Gorczynski (1942, 1946) and the P/E indices of Thornthwaite. They are: 

1. The P/E indices are simple climatic factors and are easier to determine as 
compared to the aridity index of Gorczynski. 

. 2. The calculation of the P/E indices does not require many years of observa- 

tions as it is the case with the aridity factor. On the contrary, it can be determined 
for short periods consecutively, showing interesting fluctuations of climate. 

3. Besides precipitation and temperature which are used by Thornthwaite 
in his computation of the P/E indices, they take into consideration other climatic 
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factors such as humidity, barometric pressure, wind velocity, etc. The objection 
that there are not many evaporation data available is not serious, since the eva- 
p<jrati()n capacity of the air may be easily calculated by a formula using tern- 
(x^raturo, humidity and wind velocity. Another objection may bo raised that the 
ova{K>ration data are not comparable in the same degree as the rainfall values. 
Several different methods of evaporation measurements are used indeed, but if we 
exclude obsca vations executed by means of floating pans for hydrologic piurposes 
and coniine (njrsolves to pans set over the ground, then the difference will not be 
too groat. One should also hojx) that sooner or later the methods of determining 
evaporation rates will be standardized to a certain degree. 

hi our {iresent attempt of explaining the natural vegetation of India, Pakistan 
and Burma on the basis of PjE ratios, we were required to calculate the evaporation 
figures of oa<'h station for each month of the year. Thus the total number of evapo- 
ration figures as well as the P/E ratios amounted to 1,248 (104 X 12) groups. Hence, 
it was thought that such a large body of data should first of all be used to test as to 
whether the relation de<iuced by Thornth waiter — 


P/A’ = 11*5 



10/9 


using only 1 ,100 groups of P/K ratios, is true in the case of Indian data or not. The 
procedure adopted to test the validity of the above formula is the same as suggested 
by 'riioriithwaite. The calculated PjE ratios wore arranged in such a manner that 
all having similar PjE ratios were ])ut togetluT, the dates and the locations of the 
PjE ratios being ignored while grouping. In this way 03 gi’oups of P/E ratios whose 
values varitxl from 0*(H to o*4 were obtained. The data were then represented on 
a graph, where^ the monthly normal tomix^rature expressed in degree Fahrenheit 
was ])lotted along the ordinate and the monthly normal precipitation along the 
abscissa. Thus 63 separate graphs, one for each group of P/E ratios, were obtained. 
Instead of drawing a straight lino through each of these plots by visual judgement 
as was done by Tlnunthwaite, a straight lino equation of the form T = .1 +AP was 
computed by the method of least squares using the temperature and precipitation 
data in each plot. In this way 60* straight line equations were computed for the 
various PjE ratios. 

This method of computing a straight line equation is not subjected to criticism 
as is the case with the method adopted by Thorathwaito. Whereas Thornthwaite’s 
method is a visual one, i.o. to draw a straight line passing tlirough the maximum 
points in each plot and hence an approximate one, for the nature of the straight 
lino will depend much upon the investigator, the method here is a statistical one 
and lionco the nature of the straight lino will not vary with the investigator. 

The 60 different equations obtained by the motliod stated above showed that 
none of the straiglit linos which they represent would cut the ordinate at lO^F. as 
was found to be the case by Thornthwaite. The values of the constants A in the 
equation which represents the point of intersection of the straight lines with the 
Y axis and which can be obtained by putting P = 0 in each one of the 60 equations 
were found to vary from a minimum of 19 12‘^F, in the case of the plot having a P/A 
ratio 51 to a maximum of 95*55°F. in the case of the plot of P/A ratio 5-2. The 
mean value of these 60 different intercepts was found to be 68 09. Thus it was 
found that the result obtained by Thornthwaite, viz. that in the case of each plot 
a straight line cutting the ordinate at 10°F. fitted the data satisfactorily, was found 
to be no longer valid with the present data. 


♦ There were in all 63 plots having PjE ratios ranging from 0*01 to 5*4. Therefore there 
ahould bo 63 straight line equations but as there was only ono observation in each one of the plots 
having PjE ratios 4*1 and 4-8 and no observation in the plot with PjE ratios equal to 6’3, no 
equation could be fitted for these plots. Therefore, we got only 60 equations for 63 plots. 
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Lastly, from these several equations and proceeding on the lines suggested by 
Thomthwaite, an attempt was made to formulate a single equation which expressed 
the relation of PjE ratios to the easily available meteorological elements, precipita- 
tion and temperature alone. As a result of this investigation it was found that there 
cannot be a simple relation between PjE and P/T, namely 

/ p \io/o 

p/i; = (ii-5)(^-^) 

deduced by Thomthwaite on the visual judgement that the temperature against 
precipitation curves would be straight linos cutting the ordinates at lO^F. 

The computation of the P/E ratios, which explains satisfactorily the vegeta- 
tion types of India, Pakistan and Burma, from other meteorological factors is very 
laborious and hence an attempt was made to obtain these PjE ratios in terras of P/T 
on the lines suggested by Thomthwaite but the attempt did not prove to be success- 
ful. Therefore, in our further attempt we proceeded to find out as to whether there 
is any other easily available meteorological factor which could bo correlated with 
the P/E ratios. 

Nearly a century ago De Candolle (1856) had advocated that the number of 
rainy days are the best expressions for denoting the humidity or aridity of a country. 
He said, ‘ the number of days of rain seemed to me to be the best expression of the 
conditions of humidity or dryness of a country as relating to the vegetation. I 
prefer this figure to that of the quantity of rain, and it is easier to obtain, I would 
not know how to recommend it too highly to the meteorological societies, and amateur 
scientists scattered in every country. Nothing is easier than marking on an almanac 
(calendar) each twenty-four hour day in which some rain or some snow has fallen. 
After ten or fifteen years, one can draw upon the data very advantageously to learn 
the mean number of natural rainfalls per month, or bettor yet, per decade, the mean 
duration and extreme of droughts, the mean duration and extreme of precipitation 
in certain seasons. No instrument is needed for this; good will and exactitude 
suflSces 

Koppen (1900) while discussing the moisture factor with reference to dry climate 
said, ‘ precipitation alone is of little help in determining the moisture content of the 
soil and especially in distinguishing a moist or dry climate. Here the time and 
character of the precipitation and the amount of evaporation are decisive. Equal 
amounts of rainfall, for example, produce primeval forest in Siberia and pronounced 
desert plants in Africa. This is one reason why I prefer tabulation of the number 
of rainy days. Actually the boundary between forest and step^ is in general defined 
climatologically more readily by means of the number of rainy days than by the 
rainfall amount \ 

It is well known that the same amount of rainfall produces a great difference in 
the vegetation as the rain falls uniformly throughout a long period or falls for only 
a very short time in the form of heavy storms. The number of rainy days is, therefore, 
of greater importance than the amount of rain. In the former case the rain is capable 
of being much more beneficial to the vegetation; in the later case the parched soil 
is not in a condition to absorb all the water, most of which flooding and denuding 
the soil, flows over its surface or percolates to its depths. Under the former condi- 
tions we find growth-forms and plant communities quite different from those under 
the later. Hence the number of rainy days appeared to us to be the best and easily 
available meteorological element which could be used to explain the vegetation of 
any locality. Therefore, with a view to find out as to whether a relationship exists 
between the P/E indices and the number of rainy days of a station, the mean aimual 
(mean of fifteen years) number of rainy days (D) were plotted along the ordinate 
and the P/E indices along the abscissa. A study of the graph showed that a parabola 
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passing through the origin could be fitted to the data. Hence using the PjE indices 
and the mean annual number of rainy days of 98* stations a formula of the type 

PIE == alJ+bD^ 

was <*f)iaputtHl by the method of least square. The final equation for the data was 

PjE = (-00652r>l)/)+(0(X)4691)Z)2 

whi(;h onabk^s one to got the PjE indices and hence the vegetation type of a station 
from the mere knowledge of its annual number of rainy days. 

In (conclusion the authors express their ac knowledgement to Professor C. Troll of 
tlie University of Bonn, VV. Germany, for his suggestions. 

Abstract 

(Vjruparisori of tho vogoOitioii tyf>eH of India and vicinity n.s laid down by Champion with 
thoHf» ohtainod from thoorotical conHidcration using Koppon’s and Thomthwaite’s formulae 
rov('al(.*d that both the formulao cannot, satishictorily explain the varied natural vegetation typos 
(ft the Indian Kuht.oniinoni. A satisfactory explanation of the natural vegetation typos could, 
howevc^r, he made on the basis of PjE (mean monthly pr(’>cipitation/moan monthly evaporation 
from the free water surface) ratios. The mean monthly ovaporal ion from the free water surface 
for 104 stations used in the present investigation was calculated from the mean monthly baro- 
metric pressure, wind velocity, relativ«^ humidity and vapour pressure using Carl Kohwer’s for- 
mula as mo<li(i('d by Hanwm and Satakopan. The PjE index which is the sum of the twelve 
monthly PjE ratios of a station, when grouped in i\io following way; — inciices 1-5 — thorn 
forest, r>“ If)- tropical dry docaduous, 15-20 - tropical moist deciduous, 20 oU — tropical 
somi-ev'crgnM'n, 50 onwai’ds — tropical W(d, evergr'*<‘n» were able to explain the real distribution 
of the vM'getation types. It was further shown that the P/E iiaiex of a station, which is very 
laborious to compute in the usual way, (;oiild easily ho obtained from the moan annual number 
of niiny days of that station. 
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rNTRODUCTlON 

In recent yearn nuinerouH inveHtigationn have been carried out on the cellulolytic 
activity of Fusarium specien with reference; to the part played by these fungi in 
the decoin {K)sition of cotton fabrics under various exposure conditions (White ei al., 
1948; Marsh and Bollenbacher, 1949; Marsh et al., 1949). Other reports list a few 
species which were found capable of decomposing cellulose (Thaysen and Bunker, 
1937; Sin, 1951). White ei aL (1948) found twenty-seven isolates of Fusaria, out 
of the thirtydbur investigated, to be active in pure-culture cotton fabric tests for 
cellulolytic activity. These tests were carried out on strips of cotton fal^rics and 
were aimed mainly at indexing the economic importance of the fungi in causing 
deterioration of the fabrics under ticld (!onditions from the point of industrial and 
military considerations. Evidence has been presented by Tracey (1953) to show 
that activity of cellulolytic enzyme preparation obtained from fungi is dependent 
upon the nature of the cellulose substrata. It would seem im}X)rtant, therefore, 
to test fungal species on difTerent <*ellulosic substrates in evaluating tlu; (ellulolytic 
activity of the species. So far, no attempt seems to have been made to estimate 
the activity of fungi on bacterial cellulose membranes biosynthesized by Acetohacter 
xylinium. These membranes are known to be the purest form of cellulose (Gortner, 
1949) and have lieen used in the isolation of cellulose-splitting bacteria from soil 
(Aschner, 1937). The pre.sent investigation was undertaken as a comparative study 
on the cellulolytic activity of twenty-three species of Fusarium on bacterial as well 
as other cellulose substrates. 

Materials and Methods 

All the si)ecies of Fusaria employed in this investigation were obtained from 
the Centraalbureau voor Sohimmelcultures, Baarn, Holland, and monoconidial 
cultures of these species were tested for cellulolytic activity. The inoculum was 
prepared as follows: Strips of filter paper were placed in half-strength Richards 
solution (sugar omitted) in a test-tube and autoclaved. In each case, a spore sus- 
pension of any one fungus was placed on the protruding but moist portion of the 
strip and allowed to grow at 25-29^^0. for 10 days. After incubation, a portion 
of the growing colony on the filter paper was used for inoculation in determining 
cellulolytic activity. 

CeUidolytic activity of the species on filter pa/per: A central core was cut out 
from discs of Whatman No. 1 filter paper and one such disc (1100 mg.) was folded 
up in the form of a fiuted cone and introduced into 250 ml. conical flasks containing 
50 ml. medium in such a way that approximately one-third of the filter paper remained 
immersed in the solution. After autoclaving, the flasks were inoculated by placing 
the inoculum on the unsubmerged portion of the paper. The weight of the residual 
filter paper, left over aft;er fungal decomposition, was detennined after 15 and 30 
days’ incubation at 25-~29'^C. 

VOL. 22, B, No. 4. 3 B 
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Cellulolytic activity of the enzyim preparation: Suspension of regenerated filter 
paper (Scales, 1915) was taken in Sorensen’s phosphate buffer at 5*0, 5*5, 6*0, 
6*5, 7-0, and 7-5, and in each case, 5 ml. of the culture filtrate, obtained after 3 weeks’ 
growth of different Fusaria on filter paper, was addeti to 5 ml. aliquots of the sus- 
pension in test-tubes maintained at 37''0. Turbidoinetric determinations of the 
density of the cellulose suspension were made after 0, 4, 16, 22, 28 and 40 hours 
in Spekker Absorptiometer using H.2 neutral filter. The increase in j^rcontage 
light transmission plotted against time interval indicated enzymic activity of the 
filtrate. 

Cellulolytic activity of Fusaria on bacterial cellulose: Acetolxicter xyliniurn 
was grown on yeast-extract-sucrose medium (Aschner, 1937) and after 5 days’ growth 
at 27^0., the bacterial membranes were washed thoroughly in tap water, immersed 
in 20% sodium liydroxido for 2 days to dissolve out the bacterial protein, wtushed 
again in running tap water, rinsed in dilute HCl to remove the last traces of the 
alkali and finally washed again in tap w^ater and distilled water. These membranes 
were soaked in half-strength Richards mineral solution in flasks, autoclaved and 
after 2-3 days one such membrane was transferred to a lO-cm. Petri dish and the 
surfixce moisture on the membrane removed with a filter paper. The dishes were 
autO(‘laved and the membranes inoculated in the centre in a manner similar to that 
of agar plates. The radial spread of the Fusaria on tlie cellulose membrane (Plate 
XX, Fig. 9) resulted in the liquefixction of the cellulose and indicated cellulolytic 
activity of the species. To determine the area of liquefaction, the surface of the 
membrane covered with the fungal colony was gently rubbed with a glass spatula 
when the liquefied area separated from the rest of the membrane into a jelly-like 
mass (Plate XX, Figs. 11 and 12). It was further observed that the area of 
liquefaction was slightly less than that covered by the fungal growth. Approxi- 
mately, 2 mm. of the peripheral region of the fungal colony was not liquefied. This 
w^as probably due to the fact that enzymic activity in this area had not progressed 
sufficiently. In the present work, all results are expressed as the diameter of the 
fungal colony on tlie cellulose membrane. 

Results 

Text-fig. I shows the results of the cellulolytic activity of the Fusaria on filter 
paper. No correction has been made here for the weight of the fungal mat and 
it is deemed that these results would provide sufficient index for the purpose of 
comparing the cellulolytic potentiality of the dilTerent species. 

Degradation of cellulose by the Fusaria differed strikingly with the species 
(Plate XX, Figs. 1-8). Whilst most of the Fusaria digested filter paper to varying 
extent, five species, F. buharicum, F. caucqsicum, F, chlamydosporum, F, sporo- 
trichioides and F. poue, did not decompose filter paper. F , javanicum, F. lateritium^ 
F. liniy F, moniliforme, F. solani, F. oxysporum var. nicotianaCy F, udum and F. oxy- 
sporuniy in the order mentioned, w^ere strongly cellulolytic, whereas F. bulbigenum 
var. lycopersiciy F. conglutinansy F. dimeruniy F. equisetiy F. sambucinunfiy F. scirpi 
and F. semiiectum were poor decomposers of filter paper (Text-fig. 1). F. vasinfectumy 
the cotton wilt pathogen, F. orthoceraa and F. culmorum utilized the cellulose to 
a moderate extent. Test for glucose in the 16-day-old cultures undergoing degra- 
dation of filter paper were negative, but traces of glucose were detected in the meta- 
bolic filtrate obtained 30 days after cellulose degradation had progresses! . 

In correlating cellulolytic activity of the Fusarium with its species, the strength 
of enzyme (cellulase) activity of the filtrate of Fusaria growing on filter paper was 
determined as an index of the cellulolytic activity of the species on filter paper 
cellulose; results are presented in Text-fig. 2 and Table I. 

Excepting F. chlamydosporuniy cellulase activity was observed in the filtrates 
of the other species tested. The data obtained here showed that enzymic strength 
of the metabolic filtrate was directly related to cellulolytic activity of the species on 
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percentage cellulose decomposed 

20 40 6Q §p 


F. javanicum 
F. lateritium 
F. moniM f orm« 

F. I I n i 

F.o var. nicotian. ' 

Fu d u m ' 

F. s o I a n i 

E oxysporum 
F. culm o rum 
F.va sin feet urn 
F. ortho c eras 
F. sambucinum 
F. buibi 9 <num ' 

F.d i me r u m 
F.conglutincns 
F. e q u i s e t i 
F. semi tectum ■■■ 

F.s c i r p i a 


O 15 days 
■130 *> 


Tmxx-Fio. !• Cellulolytic Activity of Fusaria on filtor paper. 


filter paper. Filtrates of F. moniliforme., F, javanicum and F, laieritiumy which 
caused maximum breakdown of filter paper (Text-fig. 1), had highest cellulate 
activity (Text-fig, 2) ; conversely, low enzyme strength was observed in the filtrates 
of F, scirpi and F. dimerum^ which were found to be poor decomposers of cellulose. 

The strength of the enzyme activity of the filtrate varied with the pH of the 
medium in which it was tested (Text-fig. 2). For the filtrate of most species tested, 
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Table 1 

Shomfig enzytm activity of Fuearium culture filtraien on re •precipitated cellulme by turbidom^ric 

measuremetUft 


Fusarhim speoiog 

pM of 
nuMiium 

Light transmiswion aft«r 

0 hr . 

4 hr . 

16 hr . 

22 hr . 

28 hr . 

49 hr . 


r)-0 

0-270 

0*280 

0*325 

0*345 

0*370 

0*406 


5*5 

0-208 

((-286 

0*335 

0-360 

0-390 

0-426 

F. lat('nfiu)n 

60 

0*268 

0*280 

0-320 

0-346 

0*378 

0*410 


6r> 

0-268 

0*290 

0-316 

0*335 

0*362 

0*388 


7*0 

0*265 

0*268 

0*290 

0*308 

0*335 

0-366 


7*r3 

0*270 

0*270 

0*295 

0*318 

0*341 

0*360 


6-0 

0-270 

0*285 

0*305 

0*335 

0*345 

0*355 


5-5 

0*270 

0*290 

0*315 

0*350 

0*365 

0*375 

F. fmihiqejuwi var . 

6-0 

0*275 

0*290 

0-300 

0-335 

0*345 

0*360 

hfcopcrMri 

6-5 

0*260 

0*290 

0-306 

0*320 

0*330 

0*345 


7-0 

()-2,5,') 

0*275 

0*285 

0-300 

0*312 

0*325 


7-5 

O^tW 

0*275 

0*285 

0*310 

0-320 

0*335 


5*0 

0-280 

0*290 

0-305 

0*350 

0*365 

0*395 


5-5 

0-285 

0*295 

0*315 

0*368 

0*388 

0*415 

F. Uni 

6-0 

0*280 

0-290 

0*300 

0-366 

0*375 

0*395 


6-5 

0*275 

0-301 

0*310 

0*335 

0-360 

0-366 


7-0 

0*270 

0*310 

0*290 

0*320 

0*345 

0*375 


7-5 

0*285 

0*285 

0*310 

0*315 

0*330 

0-360 


6-0 

0-260 

0-316 

0*280 

0*300 

0-310 

0*336 


5-5 

0*250 

0*270 

0-290 

0*312 

0*328 

0*335 

F. solnni 

0*0 

0*260 

0-280 

0*305 

0*330 

0*348 

0*362 


6-5 

0*250 

0*275 

0-302 

0*335 

0*365 

0*378 


7-0 

0*260 

0*280 

0*305 

0*325 

0*302 

0*370 


7-5 

0*255 

0-275 

0*300 

0*325 

0*345 

0*368 


5-0 

0*140 

0*175 

0*205 

0*245 

0*255 

0*275 


5-5 

0*145 

0*178 

0*215 

0*258 

0*270 

0*295 

F. rnsinJpcUim 

6*0 

0*140 

0*165 

0-200 

0*240 

0*255 

0*275 


0-5 

0*140 

0*165 

0*205 

0-225 

0*240 

0*255 


7-0 

0*145 

0*160 

0*180 

0*220 

0*240 

0*255 


7-5 

0*140 

0*140 

0*180 

0*210 

0*215 

0*230 


5-0 

0*255 

0-280 

0*290 

0*325 

0*350 

0*370 


5*5 

0-250 

0*280 

0*295 

0*335 

0*365 

0*385 

F, oryftpoj'irnf 

60 

0*250 

0*272 

0-292 

0*325 

0*350 

0*370 


6-5 

0*250 

0*270 

0*290 

0*320 

0*335 

0*355 


70 

0*250 

0*272 

0*200 

0*320 

0*340 

0*355 


7-5 

0*250 

0*255 

0*290 

0*320 

0*335 

0*350 


50 

0*255 

0*290 

0*315 

0*330 

0*355 

0*370 


5-5 

0*260 

0*295 

0*318 

0*335 

0*365 

0*385 

F. equiee.H 

6-0 

0*255 

0*285 

0*290 

0*320 

0*355 

0*368 


6-5 

0*260 

0*280 

0*280 

0*320 

0*345 

0*365 


7-0 

0*265 

0*280 

0*290 

0*320 

0*355 

0*368 


7-5 

0*270 

0*275 

0*290 

0*320 

0*335 

0*365 


5-0 

0*260 

0*260 

0*275 

0*300 

0*310 

0*320 


5-5 

0*260 

0*265 

0*278 

0*305 

0*310 

0*320 

F. ecirpi 

60 

0*260 

0*262 

0*282 

0*310 

0*320 

0*330 


6-5 

0*260 

0*270 

0*280 

0*320 

0*328 

0*340 


70 

0*265 

0*268 

0*268 

0*295 

0*310 { 

0*336 


7*5 

0*270 

0*270 

0*290 

0*310 

0*326 I 

0*340 
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Table I — contd. 


Funariutn 

p\{ of 


Light tranHinission aft 

-r 


riwHliuin 

0 hr. 

4 hr. 

10 hr. 

22 hr. 

i!8 hr. 

40 hr. 


r,-(; 

0-2GO 

0*205 

0-2S5 

0-310 

0-320 

0-335 


“rit 

U*2h0 

0-205 

0-2H5 

0-320 

0-325 

0-335 


f)0 

0-2h0 

0-275 

0-200 

0-330 

0-.335 

0-315 


(i-r> 

0-20.7 

0-2SO 

0-205 

0-320 

0-340 

(C35.5 


7-0 

0-205 

0-275 

0-300 

0-325 

0-34« 

0-355 


7-5 

O-205 

0-205 

0-205 

0-325 

0-340 

0-355 


yo 

0150 

0-170 

0-220 

0-235 

0-215 

0-2()5 


j / ) • o 

0-1,50 ' 

0-170 

0-220 

0-245 

0-255 

0-275 

F. jimviicmn 

<)*U 

0-1.50 

0-175 

0-230 

0-205 

0-375 

0-200 


(>•5 

01 55 

0-105 

0-2,30 

0-2SO 

0-3t)3 

0-3.30 


1 7-0 

0-100 

0*l^i5 

0-232 

0-2r»5 

0-21)0 

0-320 


i 

01.55 

0-I7B 

0-235 

0-270 

0'2S5 

0-305 


} .VU 

0-270 

0-205 

0-330 

O-30O ' 

0-375 

olio 


! 

0 270 

0-205 

0-335 

0-375 

0'3‘»0 

0-135 

F. tnoftdi/ortnft 


0 2 (>.5 

0-20() 

0-325 

o-:o;5 

0-.3‘s5 

0-415 

1 (;•.“> 

0-270 

0-200 

0-.32S 

0-3<;5 

0-3S0 

O-,30S 



0-270 

0-2S5 

0-315 

0-345 

0-305 

0 300 


■ 7 ’ 5 

o-27i> 

0-275 

0-315 

j 0-310 

0 355 

0-375 


p\\ 5 5 to he th(3 most favoiinihlc for enzymic activity and the enzyme 

Htreti^d/h was Iow(‘r when fnea8ure<l at higher plt{ levels. In contra(li.stinction, 
filtrate activity of dirncrHin, F. Java ft i cum y F. mlani and F. sdrpi was maximum 
at 0 5 arid decreased at the lower />II levels. 

On the hacterial (x^lhilo.se nieinhrane.s all the Fusaria manifested good cellulcdytic 
activity (Text-fig. 5) with the exception of caucMsicuin (Plate XX, Fig. 10), which 
was also unable to digest filter pap<>r. All the other spec ies which had no cellulolytic 
activity on filter pa[)er, i.e. F. buharicumy F. chlamydosporu?)} , F. poae and F. sporo- 
Irichioidc^y were able to decomjKiae the bacterial cellulose and the extent of decom- 
})osition was striking in th(3 ease of F. chlamydosporufu and F. sporotrichioides, 
both of which made tr2 cm. diametrical spread on the membrane (Text-fig. 3). 

Out <^f S(‘V(‘n sj)e(*ies, which were poor decomposers of lilter paper, only F. 
scmiiccium failed to make any appreciable growtli on the bacterial cellulose mem- 
brane, whilst the other six spet ies, F, hulbigenmn var. lycopersici, F. congluthunhs, 
F, d’nnrnimy F. v(iuisetiy F. mmbucinum and F. scirpiy decomposed the membranes 
markedly. F, udum and F. latcrifiumy in which strongest degradation of filter 
paper was observed, did not make commensurate growth on the cellulose membranes, 
whereas F, culnmrum, which had only moderate cellulolytic activity on filter paper, 
made the maximum growth on the membrane (Plate XX, Fig. 14 ; Text-fig, 3). F. 
jamnicuniy F. lim\ F. moyiiliforme, F. solani, F. orthoceras, F. oxy^^porinUy F. oxy- 
sporum var. nicotiatiacy F. udum and F, vasinfechim grew well on the bacterial 
cellulose (Text-fig. 3). 

Discussion 

It is now well recognized that degradation of cellulose by fungi depends largely 
on the chemical composition of the substrate (Siu and Reese, 1953). In the experi- 
ments reported, with the exception of one species, F. cxiucadcum, all others were 
able to decompose bacterial cellulose. On the other hand, five species, F. buharicumy 
F. caucasicumy F. chlamydosporuniy F, poac and F. sporotrichioideSy were unable 
to digest filter pajier, whilst seven others, namely F, bulbigenum var. lycopersiciy 
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liitw the (lisnitr^i-jil ion of lillrc |);ij>cr' i>y 'A \\c(*l;s al I oi- nnx.’ulat ion ; 

!<t!i'ri! fi< in (I'. F. sa inhuci n uni (-). F, (ini (,’t), F. rnin/lut ukUis (-1), F. rinirnsiruni i 
F. rti.si nft c(nii) (li), F. cnlmonnii (7) and F. rhhnHifdnsjionun (S). 
iicl « i ist ic ur<'\Nlli ot l''nsa> ia on hactorial crnu!) isc nimihianr. 
hilit\ t»t F. id Hi'n.sii'inn lo tirow on hactrtial crllniosc. 

■oni|)(»cil and inid'-<'om|)osrd t s nf 1 hr crllnlo.sr mrtnl)ranr srpaiaird l)\ nihl) 
ir sur-tarn ol tlir Fusnrunn rolonv with a r|nss spalnla. 

■ funual ro!on\ Irfl hrhnnl aflrr- ihr rrnu»\al of (hr inuh'roinpoMiil pail <>( ' 
‘llulosr inrinl)ia!ii-. 

Sho\\ th(‘ dirrsMon of f.»n»*tri-ial crllnlosr h\ f'liMaiia ; ccllulo.sr liipirlind as 
reMull of finiu:Hl ;iroNV'ili lin-^ hrrn rrino\aMl. F in'llioidii,s (IH), F. clunioruni (I 
F rftliini'/ilns unruin (l<h. and A. solunt /|hl. 
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T'kx^t-kki. 


5.0 


6.0 


7.0 


pH 


of j)II .«ii cellulolytic nctivity of FiiK'irium cult.urp flltral^H on re.prwji- 
oilMlcd (liter pen..,-;>. monilijfmne ( 1 ). F. iMeriHum ( 2 ). F.v<^Je.clum 3 ), 
F. Uni ( 4 ), F. jimmicum (r>), F. mlarti (ft), F. dimerum ( 7 ) and F. Hcirjn ( 8 ). 


F vonnlutinans, F. dimerum, F. equiseti, F. samhucinum, F. setrpt and F. semitectum, 
were ctipable of only weak cellulolytic activity on this substratum According 
to Sill and Reese (1953), the non-cellulosic components in the substrate determine 
its susceptibility to microbial decomposition. This factor may operate m two 
directions: one, in which the availability of the non-cellulosic constituents increases 
its susceptibility, and, in the other case, the resistance of the non-cellulosic ingre- 
dients to microbial attack protecting the cellulose substrate 
(Basil, 1948). The inability of F. chlamydcaporum, F. sj^otrichwides, t ^ 
and F. buharicum to decompose filter paper, while causing degradation 
cellulose, may have been due to either the resistant substances in the filter paper 
be^ibably toric to specie, or due to their inebility to Wf' 

enzi^e O, (Siu and Reese, 1953), which is concerned in the splitting of native 
cellKse. Further observations on the nature of the b^terial 

by A. xylinium which is being undertaken elsewhere (Minor et al., 1964), utumng 
labelled carbon source, will no doubt throw much light on the question of the 
greater susceptibility of bacterial ceUulose to Fusaria than filter 
® The response of lellulase activity to pH is known to vary strikingly with d™erent 
sources of enzvme. Optima for cellulolytic activity of AspergMus ntger and A. 
oryzae were pH 4-7 and 4-6, respectively, whereas Myrotheciurn venrucana has an 
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COLONY DIAMETER IN CM. 

2 4 4 9 


E c ul mor u m 
F.conglutinans 
F. jovonicum 
Fmonili forme 
F t o I 0 n i 
F eporotrichioidct 
F chlomydosporum 



F 9 c I r p I 
F. I I n I 
F o.von nicotian. 

F. sambucinum 
F. vasinfectum 
Flotcritium 
F. dimcrum __ 

R P o a e ^ 

F. u d u m 

F. buharicum 
F. scmjtcctum 

TttXT-rio, 3* Growth of Fusaria on cellulose mombranoa biosyntheaized by Acetobacter 
A'yliniumy six days after inoculation. 

optima around j»H 5-5 (Siu, 1951). The enzymic strength of Fusarium culture 
filtrate was found to be directly related to the cellulolytic activity of the species 
()n filter paper and also varied with the of the medium. Enzyme activity of 
filtrate of most of the species was maximum at pH 5*5 (Table I and Text-fig. 2), 
while filtrates of F, ditmrum, F^ javanicum, F, solani and F. scirpi had an optima 
of 6 5 (Text-fig. 2). These optima are in reference to re-precipitated cellulose and 
enzyme activity of the Fusarium filtrates is likely to vary with the nature of the 
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cellulose substrate used, as observed by Reese and Levinson (1962) in the case of 
other organisms. 

It is obvious from this work that Fusaria manifest considerable variation in 
relative ability of a particular species to attack cellulose (Text-figs. 1 and 2), with 
the exception of F, cmicmicum. This is in keeping with similar observations, as 
for example, within the genus AApergUhis only certain species are cellulolytic, and 
even within the same species of Pmkillinm dtrinum only some isolates are cellulo- 
lytic (Sin and Reese, 1953). One difficulty in probing deeper into this problem 
has been in obtaining the fungal enzyme in a pure state; tin*- prcKluction of these 
‘adaptive’ enzymes only on cellulose substrates is also a limiting factor in deter- 
mining the exact status of a fungal isolate in res}>ect of cellulolytic .activity and 
only further work in this direction could clarify tlu* ov(‘rall picture. 


Summary 

Twenty-threo apocios of Fnaarium wore fnsted for (M*Halolytir act ivity on filter paper and 
baeforial oollnloso. Coriaidcmbt^ variat ion wan obftorvod in t ho ndativo ability of a particular 
spoeies to attack tlioso two colUiIoso Ridvstrata.. Four Hpocios, F. Inilutricinn^ F. vhhnnydosporutn, 
F. poae and F. .s'porofrichioides^ did not ditrost- filter paper, but decompoHod bacterial cellulose. 
Only F. raiicamcurn wa.s inactivo on bofh filter paper and bacterial cellulose; all (he othc^r Hpecies 
decom})OHod lhe.so celhilorto subHtrata. (’’ulturo filtrates of lAisaria growing on filter paper wore 
active on re-])rocipibitcd cellulose and the .strength of the nnzymi<t activity of tho filtrate wan 
<lirectly related to the ability of the species to decornpo.so filter paper. The activity of the onzyino 
preparation of most of tlie s|^^ci(‘s was maximum at pH 5*5, whilst four sjx'cues had an optima 
of pH fi-5. 
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STUDIES ON THE IMIYSIOLOGY OF RICE 


XII. ('(I/rirtlK OF KXCJSKO EMBRYOS IN RELATION TO ENDOSPERM AUXIN AND 

OTHER OROWTIl FACTORS 

/;// S. M. SiKOAR, F.N.I., and A. N. Lahtri, University College, of Scienre, 

ValcttUa 19 

(lieecirnl Jan uary /; a}) proved for reading on May 3, 1937) 

iNTRODXrCTION 

III a previouH [kijum- (»(’ tliis sories (Sircar and Das, 1954) evidence of the presence 
of a large amount of auxin in the (nulosperm of rice and its gradual disappearance 
with the germination of the cnihryo was presented. Hatcher (1945) observed 
that riuring the dev eloprm'nt of the rye grain auxin of the endosperm mainly accumu- 
lates in alcurone cells. With rijicning, however, the total auxin of the seed decreases 
(Avery H al., 1941J ; Popoif, 194 1 and Hatclier, 1945). Hatcher has further shown that 
this di.sappearanco at maturity is due to the desic(;ation of the grain during ripening 
and not due to translocation from tlie grain nor any growth activity. During the 
early Hiages of gcuauination th(‘ bound auxin is set fre(j and the liboratcfl auxin pre- 
Huma-bly indolyl aceti(; a-cid flisajipears within a few days and ajipears to be inacti- 
vated (Avery et a!., 1949 and (bittenb(a’g et al., 1947). Funke and Soding (1948) 
suggest<?(l that this inactivation takes pkici' in the first intmaiode and moves upward 
in the inactivi^ Ibrm. Wluai it n‘aches tlu' <'oleoptilo tip it becomes activated once 
again and moves downward in this form. A( cording to this hypothcvsis indolyl acetic 
acid plays an irufiortant rohi in the dynamics of the early germination of embryo. 
Das (1954) has further shown that the embryo of \\\q petl^ us winter rye gradually 
accumulates auxin with age. A similar result has been obtained by the present 
autliors with wintxT rice var. Hhasamanik. In order to throw further light on the 
auxin r(4ation of rice endosperm compndiensive experiments on tin? germination 
of rice embryo have been carried out by eliminating iiortions of en(hcsp(‘rm and 
substituting endosperm extract and indolyl acetic acid. A brief summary of the 
results showing the presence of inhibitory factors in the (*arly growth of embryo 
lias already been published (vSircar, Das and Lahiri, 1955). The part plavaal by the 
endosperm extract and added indolyl acetic acid on germination was studied by 
growing embryos in nutrient media. The scop(^ of the work was (‘xtended further 
to analyse the effect of dilferent growth factors on the germination of excised rice 
emliryo. 

Experimental Methods 

Fractioning of endosperm and germination in indolyl acelic acid and endosperm 
extract. — Hiee grains var. Hhasamanik reeeived from the State Rice Research Station, 
Chinsurah, West Bengal, were carefully husked so that the embryos were not damaged 
during husking. A mm. graph was fixed on a slide and the grain was held on it. 
Different fractions of endosperm were then carefully removed with the help of a 
sterile scalpel. The embryos with different fractions of endosperm were subsequently 
soaked in sterile distilled water for 24 hours in darkness at 25 ± lO'^C. They were 
then transferred to 1*5% sterile agar slants inside a closed culture room. No seed 
treatment was done to avoid the effects of other factors that might influence the 
growth rate of embryo. Agar tubes showing fungus contamination were immediately 
rejected. 
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In other experiments embryos with different fractions wei'o grown in sterile 
agar media containing a range of cone, of indolyl acetic acid (I.A.A.j from 10 ing./L 
to 0*001 mg./L and endosperm extract. Endosperm extracts (0*212% and 0*0212%) 
were prepared according to the metluxi described by Sircar and Diis (1954). In 
all cases control sets with full endosperm were maintained. The seedlings in agar 
tubes were kept in a temperature controlled chamber (25 ± I'^C?.) and exposed for 
five minutes to diffuse sunlight every day. The root and the shoot growth was 
measured every day by a mm. graph paper held on the tube. 

Culture of excised embryo in nutrient media. — Hice embryo is usually very small 
(approx. 1 to 0*5 mm. in length). It was noticcMl that during excision any injury 
to the embryo or the scutellum brought about a failure of germination in most cases 
even when the excised embryo was placed in imulia containing minerals, (‘arbo- 
hydrato, auxin and vitamins. This is })resumably duo to the inevitable damage to 
the epithelial layer during excision resulting in the disruption of translocation of 
nutrients to the embryo. In order to avoid any injury and damage to the epithelial 
layer the following procedure was ado})tcd for lb(\sc ( xperimcnts. Dehiisked grains 
were soaked in sterile distilled water for 24 hours in darkness at 25 ± and the 
excision of the embryos was made under aspectic conditions in a closed culture 
room. The incision was given l)chind tlie epithelial layer within 1 mm. on the 
endosperm tissue by a sharp arrow -headed needle under the high poww of a Zeiss 
stereo-binocular microscoj)e. To exhaust the food stored in tiie residual cn<lospcrm, 
embryos were germinated on sterile agar plates without nutrients. In course of 
48 liours the germinating embryo used up the food of the endosperm, it grew no 
further and subsequently died. The 48 hours old (unbryos were then transferred 
to sterilized agar slants, one embryo per tube, containing nutrients. The excised 
embryos in the tubes were kept in a tcunperature controlled (iuimber at 25 ± l^C. 
in darkness. The grow th readings were taken under the illumination of a red lamp 
fitted inside the chamber. Any tube showing slightest fungus contamination was 
rejected. 'Pjie combination of mineral nutrients adopted by Prof. Gregory and 
Dr. Purvis at the Imperial (^)llege of Science, London (Das, 1954), was used in the 
culture of rice embryos. In addition the effects of the following growth factors were 
studied: Sucrose, thiamine (Vitamin Bi), pyridoxine (Vitamin B^), nicotinic acid, 
indolyl acetic acid, D1 -tryptophane. Media were prepared in all cases with 1*5% 
agar containing different growth factors. It may be noted hero that experimental 
limitations did not permit the authors to fry sub-culture for rice embryos or to 
continue the culture in agar tubes for longer than 144 hours on account of the largo 
size of the seedlings. 

Results 

Fractioning of endosperm and culture of embryo in endosperm extract and indolyl 
acetic acid media. — The results of embryo growth wdth different fractions of endosperm 
have been presented in Table I. Significance of the treatments was assessed by 
the application of 7^-test. It is apparent that the growth of root is increased when 
the embryo is growing with three-fourth endosperm. As regards the coleoptile 
growth significant difference has not been noted in all cases but root growth with 
three-foiiirth endosperm is significantly greater in all the periods. 

In the medium containing endosperm extract the embryos with different frac- 
tions of endosperm show pronounced suppression of root length. In some cases 
embryos with three-fourth endosperm when grown in the m^ium containing the 
extract root length becomes almost equal to that of the control, i.e. embryo with full 
endosperm growing in the medium without added extract (Table II). This behaviour 
of the grow^th of root is clearly manifested in all the periods. No specific effect 
is indicated in the coleoptile growth by the addition of endosperm extract. As 
such the percentage of leaf break and the length of the first leaf is not much affected 
by the addition of endosperm extract, on the contrary embryo with one-eighth 
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Table 1 


(howth oj ru(^> tmhrtjos with different I Jntctions oj endosperm, Teinpemture 26±1°C, 





24 hours 



48 hours 



'Pmaf rnniJ 

Hhoot. 

l<3ngth 

in mm. 

S.K. 

K<Kjt 

in mm. 

S.E. 

Shoot 
lon^th 
in mm. 

1 

1 S.E. 

1 

! 

longih 
in mm. 

S.E. 

1. 

I'itnhryos wiOj 
lull findoHperin 


0*2028 

0*7(10 

0*(>018 

10*417 

2*220 

34*502 

2*375 

2. 

Kinhryort with 


0* 1 507 

8* 207 

0*0035 

14*000 

0*051 

30*961 

1*338 

:i. 

iMuhryo.^ with 

J <^u(lu.Hpt?rni 

:m]0o 


r).r>33 

()*2(>0H 

12*000 

0*750 

31*471 

1*855 

1. 

Kitil)ryns wit h 
,[ rM<lns|>nrm 

2*9(10 

0- 1114 

0*3(>0 

0*(^572 

11*533 

(y*S05 

25*001 

2*1 17 

r.. 

lOmh.'yuH witli 
i JMidosfX'rm 

2 -r>oo 

0-262I 

3*727 

0*7050 

4*700 

0*780 

7*285 

2*526 


KiuhryoH w i th 
\\'()un<lu(l ♦•ndusfxuin 

2*4(19 

1 

()■ 1 sr)2 

0*033 

0*7778 

K*()07 j 

1*(M‘,2 

22*231 

3*471 


Tabi.ic I — ('ohfd, 

Orowth of rire etnhnfos unlfi different f ractions of endosper}n . Tonpendure 2o±]^C, 



1 

72 hours 



00 hours 


O^'f/itirumt 

Shoot 
length 
in mm. 

S.E. 

Root 
l(Miglh 
in rnni. 

S.E. 

Shoot 
length 
in inrn. 

S.E, 

Root 
length 
in mm. 

S.E. 

1. Embryos with 
full ondosperm 

24*214 

1 

1*525 

47 -SOS 

1*754 

33*143 

3*272 

54-692 

0*290 

2. EmbryoM with 
} t'lidosporm 

20*201 

1 

2*746 

r>3-7«‘t 

1*034 

35*002 

3-57n 

04*615 

4*099 

3. Embryos with 

J ondosporiu 

22*133 

1*421 

40*300 

4*405 , 

20*751 

3*797 

50*025 

2*845 

4. Embryos witli 

1 ondosponn 

10*402 

2*150 

38*001 

3*212 

22*357 

0*888 

44*800 

3*828 

5. Embryos with 

J ondospi^rm 

7*233 

M33 

18*045 

3*045 

14*030 

1*703 

28*272 

5*312 

0, Embryt)s with 

w'ouiulod ondosporiu 

15*143 

1*520 

42*393 

3*082 

23*250 

3*(U7 

44*000 



endosperm shows very poor growth and coleoptile breaking does not occur up to 
96 hours of culture. When the embryos witli different fractions of endosperm 
are grown in the medium containing I. A. A. the acceleration of root growth due 
to elimination of endosperm fraction as noted previously is retarded and in some 
cascvs it becomes almost equal to the root length of embryos with full endosperm 
growing without I. A. A. (Fig. 1). A general survey from the figure will show 
that in all cases I. A. A. exerts a retarding effect on root growth in a definite sequence 
with increasing concentration. In the control set (embryos with different fractions 
of endosperm growing in the media without I. A, A.) the embryos with half endosperm 
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Table II 

Growth of rice, einhrtjos {ottorhed to rndoApertn) in differetU concenfnttions 
of cndo'(}>enn, extract. Tftnperature 27±1°C, 




24 hours 

48 hours 


'rroatmoiit 

(/out*, of 
endosperm 
t‘>:(raet 

l..eu^th 
of eole- 
opt ile 

Lenj^th 
of root 
in mm. 

Lon^i:tl) 
of cole- 
opt ilo 

LeuKth 
of root, 
in rntn. 




in nun. 

in mm. 


1. 

EuihryoH witli 

11-212% 

1*07 

4*53 

5-93 

22t)5 


Tull ondoaporni 

0-02t2% 

1*73 

4*20 

5-33 

16*95 



(/ontrol 

2*97 

6*71 

7*63 

23*71 

2. 

Embryos with 

0-212% 

1*73 

4*70 

4*53 

18-93 


J endosporm 

0-0212% 

1*30 

3-20 

3*53 

18*33 



(Jont.rt>l 

2*20 

6-53 

5.93 

22- 00 

3. 

Embryos with 

0*212% 

1*83 

3*72 

6*20 

19*96 


J endosperm 

0*0212% 

1*67 

5*50 

5*06 

23*00 


Control 

2*43 

8*27 

6*73 

28*15 

4. 

Embryos with 

0*212% 

1*60 

2*50 

3*88 

6*25 


^ endosperm 

0*0212% 

1*57 

2*20 

3*56 

8*00 


Control 

2*50 

3*73 

4*25 

6*42 


Table II — contd, 

Grotvlh of rice cnihrffos (nttdched to endosperm) in different conccntrntions 
of endosperm extract. Temperature 27 ± PC, 


Treatment 

72 hours 

96 hours 

Length 
of colo- 
op tile 
in mm. 

Length 
of first 
loaf in 
mm. 

% of 
loaf 
break 

Length 
of root 
in mm. 

Length 
of oolo- 
optile 
in mm. 

Length 
of first 
leaf in 
mm. 

% of 
leaf 
break 

i 

Length 
of root 
in mm. 

1. Embryos with 

12*91 

22*0 

8*0 

36*50 

16*83 

28*38 


53*83 

full endosperm 

11*71 

. . 


34*62 

15*79 

27-27 

58*3 

49*91 


13*77 

19*50 


45*45 

20*73 

27*70 

90-9 

66*00 

2. Embryos wdth 

12*25 



34*04 

16*58 

22*40 

41*60 


i endosperm 

11-33 


, , 


13*36 

20*57 




10*67 

17*00 



15*10 

23*37 

80*00 


3. Embryos with 

13*75 


8*00 

38-36 

16-41 

24*70 

83*30 

68-60 

f endosperm 

16*11 


9*00 

47*64 

18-33 

29*42 

100-00 

65*33 


16*30 

14*75 

16*70 

49*58 

16-34 

25*15 

100*00 

72*08 

4. Embryos with 

4*90 



6*75 


.. 

.. 

7*88 

i endosperm 

5*14 

, , 

, , 

8*29 

6*69 

, , 

, , 

8*35 


5*79 



6-79 


* * 

• • 

6-83 


























Length in m.m. 
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show greater root len^ith over all r)ther treatments. Growth of root in this particular 
treatment is sigtiiH(%'iiitly gr(‘ater in all the perkuls. The shoot growth, however, 
is not miK'h affected l>y the presence of I. A. A. in the culture media. 

130 J 


5? 



48houPS 72houP8 96»ioui»s 


Growth of rico oiubryu with fractions of ciulosi^emi in media containing different concen- 
trations of I. A. A. 

Fiu. 1. 48 hours. — 1-5: embryos with full endosperm in 10 mg./L, 1 mg./L, 0*1 mg./L, 

001 mg./L, O OOl mg./L respectively of I.A.A. media and 6 is control; 7-11: 
ombiyos wnth J endosperm in the same concentrations of I.A.A, and 12 is 
control ; 13-17 : embryos with i endosperm in I.A.A. media and 18 is control. 

72 hours. — 19-23 : embryos with full endosperm in I.A.A. media and 24 is control ; 
25-29 : embryos with J endosperm in I.A.A. media and 30 is control ; 31-36 ; 
embryos with ] endosperm in I.A.A. media and 36 is control. 

06 hours. — 37-41 : embryos with full endosperm in I.A.A. meilia and 42 is control ; 
43-47 : embryos with J endo8|>erm in I.A.A. meeJia and 48 is control ; 49-53 : 
embryos with J endosperm in I.A.A. media and 54 is control. 

The siimo concent mtiou is used for different durations. 


Growth of excised rioe embryo {var. Bhasarnanik) at difftrrnf conceit rations of sucrose with standard mineral nutrients. Temperature 25±r''C. 
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Tke of sucrosf. and other grmvth factors on excised embryos . — In order to 

observe the effe of sugar excised embryos are cultures! in the media containing 
difiFerent concentrations of sucrose. In all cases mineral nutrients are added. In 
control no sucrose is given, only minerals are present. Without sucrose the embryos 
show very limited grr)\v th; when both sucrose and minerals are present maximum 
growth of embryo is observed at two per cent sugar (Table III). 

Normally the embryos attached with the endosperm show breaking of coleoptilo 
and initiation of first leaf on agar slants witliin 72 hours after sprouting and the 
eoh^optik' length usually is 1*4 to 1*5 mm. at this stage. In the culture of embryos 
in <lif}’erent (oncisitrations of sugar no coleoptile breaking is observed even after 
hours. In general the seedlings are very small in comparison to those remaining 
attached with the en(los|)(U'm. When <ady minerals or sucrose is preseiit in the medium 
the embryo growth is lirruUal. The essential role of thiamine (Vitamin By) in plant 
tissue (uilture has Ijeen (miphasi/.ed by various workers. Its pre.senee in the pericarp 
of rice and the flis(*aKe caused by its absencf^ in polished rice is an established fact, 
llonner (Schopfer, 1043) has shown its action is quantitative. Within certain limits 
any iiuTcased dosage caused an increase in growth but V)ey()nd the optimum level 
no effect is ])roduce(l. In the pn\sent stucly thiamine in various (oncentrations is 
supplied witli two per c(uit sucrose-mineral nutrients and growth rate of excised 
embryos are studitvl. It is evident from Fig. 2 that in the first 24 hours’ supply 

O0n\ mg/L 

• »oo o >» 



Time in houps 

Flu. w*. KtTocis of difforout coacoiitmtioas of thinmiiio on Iho colooptilo growth of excised 
embryos in the media containing sucrose and minerals. 

of thiamine there is an increase in the growth rate up to the length of the 
coleoptile where it usually breaks. In the control the growth of the coleoptile 
is slow and it takes about 144 hours to reach this length. Coleoptile breaking and 
elongation of first leaf, however, did not occur up to 144 hours’ growth in any of 
the treatments wliieh would indicate that possibly some other factor responsible for 
elongation of leaf is lacking in the me<iia. Thiamine seems to play an important role 
in the root growth of excised embryos. In its presence increase in root length takes 
place in almost all the concentrations. Best root growth is obtained in 0 01 mg./L 
concentration (Fig. 3) whiclx appears to be the optimum for the culture of excised 
rice embryo. 

It has been reported that rice grains contain large amount of pyridoxine 
(Schopfer, 1943). Its presence in the grain suggests that it may have some rdle in 
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Time in hours 


Fig. 3. Efteutn of <iilT(’n‘Ut (‘<uicontrati<nis oriliiainiiu' on tlx' root growth of oxoiHed ouibryoK 

ill tlio niodia of Huaro?5(3 and iiiinoral». 


0ooinig/L Vitamin B6 

O >0 0 o ' ' 

d 100 0 n * ’ 

® \ 0 n ” 

^ Oi ♦’ »’ 

4 o'ooni 

Q CONTROL 



Time in hrs. 

Fig. 4 . Effects of different concentrations of pyridoxino on the eoleoptile growth of excised 
embryos in the media of sucrose and minerals. 


4 


• CO ©04 
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the metabolism of the growing embryo. In onler to ntiidy its eftect on the growth of 
excified rice embryo pyridoxine in combination u ith two per cent sucrose and minerals 
is used in the medium. Control set is prepared with two per cent sucrose and minerals 
only. Figs. 4 and 5 will show that Ot)l mg./I> (‘onc. of |)yridoxine (Vitamin B^) 



48 72 96 120 W4 


Time in hps. 

Fio. 5. EtVool (»t pyricioxiiK* on tho root ;.^ro\vtli of t'xoi«o«i oiiibryo.i in the iimdia contiiiuii, 

«ucro^>o and ininoraiM. 


increascvs the growth rule of root and of coleoptile at the initial stage while otlier 
concentrations do not seem to have any effect on shoot growth but root growth 
is slightly increased. It appears that concentrations ol' 10 mg./L or above have a de- 
pressing effect on rout and shoot growth. In no case, however, coleoptile breaking 
or leaf elongation has been observed up to 144 hours. 

In the next series of experiments the following combinations of growth 
factors have been used to study their effects on the excised embryos : — 


L 

2 

:i. 

4, 


6 . 

7. 

8. 


Mineral nutrients + l.A.A. (OOl mg./L) and two per cent sucrose 

,, ,, + l.A.A. (0 001 mg./L) 

,, ,, + thiamine (OOl mg./L) 

,, ,, + I.xV.A. (0 001 mg./L) + thiamine (0 01 n\g,jL) + pyri- 

doxine (OOl mg./L) 

,, ,, + l.A.A. (0 (K)l mg./L) + pyridoxine (OOl mg./L) + nico- 

tinic acid (0 01 mg./L) 

„ ,, + l.A.A. (0-001 mg./L) + pyridoxuie (0 01 mg./L) + nico- 

tinic acid (O-Ol mg./L) + thiamine (0 01 mg./L) 

,, ,, -f Dl-tryptophane (0 01 mg./L) -f thiamine (0 01 mg./L) 

+ pyridoxine (0 01 mg./L) 

„ ,, 4* Dl-tryptophane (0 01 mg./L) -f thiamine (0 01 mg./L) 

+ nicotinic acid (OOl mg./L) + pyridoxine (0*01 

mg./L) 
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A remarkable slioot growth haa been observed when I.A.A. is present in tlie 
medium in combination witli sucrose and minerals (treatmenta 1 and 2 in Pig. d). 


1 . o 

Mineral 

nutrients 2 fo 

sucrose -*■ iak lo oimO/L) 

2. • 

If 


4“ ft 


„ (0001 

5 . A 

n 

If 


11 

+ „ » vitamin 8,(001 frgA.) 

▲ 

If 

11 

■4 •• 

ff 


a 

w 

♦f 

4- 11 

It 

(control) 


Coleoptile 
First leaf 



(i. S)ioot growtii of excised embryos in complex iiiitriont media. 


Til c root growth is also accelerated on addition of I.A.A. at low concentrations (0 01 
mg./L and 0 001 mg./L), growth with 0 001 nig./L being greater. Coleoptile breaking 
and elongation of first leaf are observed within 120 hours in treatment 2. When 
thiamine, pyridoxine and I.A.A. are present in the medium the embryo growth is very 
much favoured (treatment 4 in Figs. 6 and 7). Here root length is much greater 
in comparison to previous treatments. The presence of thiamine and pyridoxine 
together greatly favours root growth than when they are present alone. The 
coleoptile breaking and the elongation of first leaf is observed within 96 hours. 
Nicotinic acid when added with I.A.A. and pyridoxine does not show any marked 
improvement in growth although root and shoot development is satisfactory. Addi- 
tion of thiamine in this combination does not accelerate embryo growth (treatments 
5 and 6 in Figs. 8 and 9). When Dl- tryptophane in combination with thiamine, 
pyridoxine, sucrose and minerals is used as a substitute for I.A.A. growth of both root 
and shoot development is accelerated (treatment 7 in Figs. 8 and 9 and Fig, 10). In 
addition of nicotinic acid to these factors the roots show somewhat reduced growth 
while the shoot development is not affected (treatment 8 in Figs, 8 and 9). It thus 
appears that whenever I.A.A. or I)l-tryptophane is present in the medium the shoot 
development, i.e. coleoptile breaking and appearance of first leaf, is accelerated 
otherwise the coleoptile shows very limitetl growth. 



I 


O Mineral nutrients^?/. Sucrose ^ lAA {o ot mg/ L) 

A M .. 4- « ^ M o(G‘00tmg/L) 

3' a .. M ^ ^ H „ ♦ vitamin 8|^o»mg/L) 



Time In hours 

Fro. 7. lioot growth of oxeisod oinhryos in complex nutrient media. 


3. o Mlnsral nutrients *-z% Sucroae ’♦■Vitarnin |A A (o ooj rng/L) nicotinic acidfooitt^A-) 

6- • ^ ” >♦ »» W w ,'*’Vit0|(O'O»m^) 

7.^ „ I, ,1 f» o B,^o'amjl)tB6(oo»rr4/L)'r Dl typtopnane(o ojnng>L^ 

S’A ^ n - " - •' nlcotrnicacid 

(0*01 mgV) 

i Coleoptile 

First leaf 



Time in hours. 

Fio. 8. Shoot growth of excised embryos in complex nutrient media. 



S. M. SIRCAR & A. N. r4AmRl: STUDIES OX THE PHYSIOLOGY OF EIOB 228 


5 . 

6 . 

1 . 

8 . 


o Mineral nutrients •>'2XsuCPoseFvitatninBrfonT^j^AAfooimg4^col'inic acid(oonn^/i.) 

tj ») ♦' ») f) ♦ n *VitBlp’0 ^ / 

B/0 01 rn^^vft Btfpvi mj^ DL- TpyptDphanc(ao!^t^^ 


A 

A 


11 


^♦1 
^ 11 
t 11 


11 

♦1 

11 


-I- 17 

'♦' 11 


l| t *7 ?7 71 f f) 

nicotinic acid(ooiingA) 



Fig. U. i'loot growth of excised embryos in complex nntrieiit media. 


Discussion 

This work shows acceleration of root growth of embryos when a portion of 
endosperm is eliminated. When more than half is rcmovcHl such an effect is not 
found there. That this increased growth due to fractioning of endosperm is not 
caused by wound is clear from Table I. When very little endosperm adheres 
to the embryo (i.c. one-eighth endosperm) there is a fall in growth rate due to tlie 
lack of nutritive substances. Hypothesis advanced to account for this is the presence 
of supra-optimal auxin or some other unknown factor present in the endosperm. 
Hence, elimination of a portion of endosperm makes the level of auxin or the unknown 
factor optimal for growth until such elimination reaches a limiting value (Sircar, 
Das and Lahiri, 1955). In order to study the nature of inhibitory factor of endosperm 
rice embryos with different fractions of endosperm were grown on sterile agar media 
containing endosperm extracts. In all cases addition of endosperm extracts results 
in diminished root growth in comparison with control without added extract. This 
a’ccelerated root growth due to the elimination of endosiierm fraction is suppressed 
when endosperm extract is added to the media. Thus the root length with three- 
fourth fractions of endosperm and added extract becomes almost equal to that of 
the full endosperm gro^v ing in the medium without the extract, 
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It may be observed, again, that increased root growth by the fractioning of 
endosperm (i.c. half endosperm) is retarded when it is grown in the medium contain- 
ing I.A.A. and it becomes almost equal to the embryo growing in agar medium 
(Fig. 1). The inhibition of root length caused by the presence of I.A.A. in the 
medium may l)c compared with the inhibitory factor of the endosperm which suppres- 
ses the root growth in the early stages of germination. On the basis of these 
linding.s attempts have been made to invivstigate tlie essential growth factors necessary 
for t he embryo in the initial stages of germination. For this {)urpo.se e.xcised embryo 
ctdture is adopte<l. It has been noted before that excised embryos in general show 
less growth in (•omi)ariHon with those atta(he<l to seeds. The diininislied growth 
might be due to the following reasons: — 

(а) Mecbanieal injury during excision . 

(б) Limited auxin supply. 

(c) La(‘k of growth factors other than auxins, possibly of vitamin nature. 

The effects of injury are of primary consideration in the \vf>rk of embryo culture. 
The rice embryc>s fail to germinate when they are completely excised from endosperm 
and are placed in the media containing sugar, vitamins, and I.A.A. or endosperm 
extract. This is prosumably <1 ik^ to the damage of the epithelial layer. In the 
present study the effect of injury has been eliminated by the adoption of a special 
techni(iuc of excision. liy this method the epithelial layer is not injured, hence 
translocation of food substances from the media to the embryo is maintained. Suc- 
rose has been proved to be the best form of carbohydrate for culturing tissues anrl 
embryoH of several plants. In the [) 08 t-germinal embryo cultnre of rice it has also 
been noted that the embryo groutli correspoiidH directly with the increasing concen- 
trations of Huen^se up to two pei* cent level. With minerals only tlu^ embryos show 
very limited growth but w ith the addition of .sucrose in tlu‘ medium better results 
are obtained. The plants, however, are small in comparison to those tliat had 
intact endosperm. In the excised embryo culture of rice thiamine and pyridoxinc 
have been found to be helpful for the root and shoot growth. They are knowm 
to bo essential for the growth of roots. Excised roots of the majority of plants 
investigated are unable to synthesise them. Bonner and Bonner (1948) have showm 
that green leaves can synthesise thiamine and pyridoxinc and these are translocated 
to roots. It is not known whether coleoptile tip can synthesise thiamine and 
pyrid(>xine. In order to prove conclusively that a substance is an essential factor 
it sho\ud be showui by experiment that not only grow th is stimulated by the substance 
but no growth takes place in its absence. Siiu'c growth in the excised embryo 
of rice did not stop in abseiu’c of a<lded thiamine or pyridoxinc, rather these embryos 
w'ere found to show increa.sing growtli during the period of experimentation and 
there w^as stimulation after addition of these factors, it leads one to (consider the 
importance of thiamine and pyridoxine for the growth of rice embryo. There may 
be two possibilities, either the (‘oleoptile and root tips might have carried them 
from the endosperm during the {)oriod of residual germination or the tips are capable 
of synthesising them from sucrose and nutrients. 

Presence of I.A.A. facilitates the shoot development to a great extent wdiile 
root growtli is found to be more dependent on growth factors of vitamin nature. 
When I.A.A, is added to the medium in combination with thiamine, pyridoxine, 
sucrose and minerals the optimal growdli of embryo results. Tryptophane facilitates 
the embryo giwvth. The capacity of plant tissue to form auxin from tryptophane 
has been demonstraterl by a number of workers. Such conversion probably takes 
place in the rice embryos in the media containing tryptophane. 

It should be noted, however, that in all the different media that have been 
used in the present study the excised embryos show^ less growth in comparison to 
that obtained w ith the intact endosperm. I^esumably some other unknown growth 
factor or factors are present wddeh have not been included in the present investigation. 
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Summary 


Kxperiiuont^ on tlio j^onniiiatioJi of rico embryo have I»en cairitHi out by eliiuinatiiig fraotion.s 
of (Midoaperm iinil substituting endosperm extract and indolyl ucetio acid. ^ 

Some factor or ftK'tors are present in the endosperm in Hupr.'i'Optimal concentration which 
exerts a retarding effect on the embryo growth in tlie initial stages of germination. Elimination 
of a frH(‘tion of endosperm makes the level of the factor optimal for embryo growth until such 
elimination reaches a limiting value. That this unknown factor is of auxin in nature has been 
shown from substitution of endosperm extract and I.A.A. in the (ailturo media. 

Attempts to culture rice embryo have shown that it fails to germinate when completely 
excised from tlie endosperm and placed in nutrient media. This was due to the damage of tho 
epithelial layer during excision and could bo eliminated by adopting a special <eehni(iue. 

Culture of excised embryo has shown its growth is dcj^endcnt on endosperm food factors, 
Some of those factors are sucrose, salts, I.A.A. and vitamins Bi and Btj. Dl-(ryptophane acts 
tvs a substitute for I.A.A. for tho growth of embryo showing its conversion to I.A.A. in tho embryo 
cells. 
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STUDIES IN THE AMINO ACID COMPOSITION OYFUSARIUM MYCELIUM 


by C. S. Venkata Bam, University BoUiny Laboratory , Madras 
(Communicated by T. S. Sadasivan, F,N.I.) 

(Received October, 1956; approved for reading on March 1, 1957) 

Introduction 

With the a<lvcnt of the toxin theory of wilting in tomato caused by Fusarium 
lycx)persici (Giiumaim, 1951), much attention has been focussed on the production 
of these toxins both in vitro and in vivo (Gaiimanii et al., 1952, 1953; Fluck and 
Richie, 1955; Sanwal, 1955; Lakshminarayanan and Subramanian, 1955; Kalyana- 
sundaram and Venkata Ram, 1956). Recently, Fluck and Richie (1955) from 
clircjmatographic studies of amino acid metabolism of F. lycopersici concluded 
that certain amino acids (alanine and citrullin) might be the precursors of the phyto- 
toxin fusaric acid produced by the pathogen. These observations have been further 
strengthened by the results obtained by Sanwal (1955). 

Application the paper partition chromatographic technique for the detection 
of amino acids, sugars, vitamins, etc., is being made widely in biological sciences 
and has been recently utilized in taxonomical studies (Bidwell et aL, 1952; Buzzati- 
Traverso and Rechnitzer, 1953; Mansford and Raper, 1956). In the present 
investigation the free and bound amino acids of Fusarium mycelium of twenty-two 
species were studied to determine whether any association existed between the 
formation of these acids and the taxonomic position of these species. This work 
was also carried out to study the amino acids synthesized by Fuvsaria as a possible 
guide to their ability to procluce toxins from these amino acid precursors. 


Materials and Methods 

Biological material. — Fusaria were obtained from the Centraalbureau voor 
Schimmelcultures, Baarn, Holland, and from these monoconidial cultures were 
made and maintained on potato-dextrose agar for at least ten cultural generations 
prior to being employed for investigation. The species selected for investigation 
represented nine different taxonomic groups (Wollenweber and Reinking, 1936): 
F. buharicum, F. culmorum and F. sambucinum, section Discolor; F. caucasicum, 
F.javanicum and F. solani (Martiella); F. lateritium (Lateritium) ; F. bulbigenum var. 
lycopersici, F. conglutinans , F. Uni, F. orthoceras, F. oxysj)orum, F. udum and 
F. vasinfectum (section Elegans); F. chlamydosporum, F. poae and F. sporotrich- 
ioides (Sporotrichiella) ; F. equiseti and F. scirpi (Gibbosum); F. dimerum (Eupion- 
notes); F. semitectum ( Arthrosporiella) ; F. moniliforme (Liseola). 

Culture methods. — Mycelium inoculum was obtained from cultures grown on 
Richard ’s medium for two weeks at 25~29'^C. Further incubation resulted in onset 
of autolysis in many species accompanied by decrease of free amino acids present. 

Culture extraction. — The fungal mycelium was extracted with 70 per cent 
ethyl alcohol at room temperature (25-29®C.) for 24 hours, centrifuged and the 
dear supernatant layers were then concentrated in vacuo to dryness. Chromato- 
graphic separation of the amino acids in the extract made with 70 per cent ethanol 
was found to be very unsatisfactory due to interference by other salts and therefore 
desalting of the extract was found necessary. This was achieved with good results 
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by extracting the amino acids in 5 ml. of a mixture containing 6 parts of n-butanol 
and 4 parts of phenol as advooatc<^l by Vergheso (1956). 

Determinations of the bound amino acids were mfwle on the cellular material 
which was previously extracted with 70 per cent ethanol. The material was dried in 
desiccator in vacuo, ground to a fine powder and 500 mg. of the cellular material 
of each of the spt5cieH were hydrolyze<l by boiling for 24 hours in 35 ml. of 6 iV HCl 
under a reflux condenser. The hydrolyzate was then concentrated to 2-3 ml. volume 
under reduced pressure at KfC. and kept in a desiccator over KOH in vacno to remove 
the last traces of HCl. The amino acids in the hydrolyzate were extracted with 
5 ml. of the n-butanol phenol mixture for chromatography. 

Culture analysis, — The extracts containing the free and bound amino acids 
were analyzed by paper partition chromatography (Consden, Gordon and Martin, 
1944), employing esHcntiaily the uni- and 2-dimensional chromatographic methods 
(Block et al.y 1952). Chromatograms were run on Whatman No. 1 filter paper 
employing w- butanol : acetic acid : water (4:1:5) and phenol : water (3:1) as solvents 
for the first and the second dimensions, respectively. After development, chromato- 
grams were first air dried, sprayed with 0*2 ])er cent ninhydrin in acetone and 
heated at 65^0. for 20 -30 minutes to increase the intensity of the colour spots. The 
identity of the spots was established by comparing the R/ values of the amino acids 
in a known mixt\ire with those in the extract, by the characteristic colour of the 
spots and by superimposing known amino acids over spots of the experimental 
material y>rior to irrigating the chromatograms. 

Visual comfiarison of the chromatograms was made based on the fact that the 
size and colour intensity of the spots is largely a function of the concentrations of 
the compounds (Dent, 1948), and the relative amounts of the amino acids present 
are given on the basis of such comparisons. 


Results 

The free amino acids detected in the mycelium of the Fusarium species are shown 
in Table 1. The following free amino acids were found in the mycelial extract of all the 
species: asjiartic acid, glutamic acid, threonine, alanine, glutamine, lysine, arginine, 
valine, phenylalanine and tyrosine. In addition, the culture extracts of all the 
s[>ecies, excerpting F, fquisvti, F. scirpi and F. (livierinu, ce>ntained serine and glycane, 
whilst proline was di'teeded in the mycelinm of F. javanienm, F. congluiinans, 
F. orthoceras, F. Uni, F. lycopersici and F. udum. With the exception of chUrmy- 
dosporum, F. sporotrichi aides, F. equiseti, F, scirpi, F. dimeriim and F. semitecium, 
all the other extracts contained cystine. 

Gamma-arniiio butyric acid was detected in the extract of F, moniliforme 
(Fig. 1), F, vasinfection, F, chlamydosporum and F. sporoirichioides. An unknown 
substance giving a yellow colour after ninhydrin spray, spot 16 (Fig. I), was detected 
in the extracts of F, moniliforme, F, samhucinmn, F, lateritium, F. vasinfecturn, 
F, sporoirichioides, F, equiseti and P, scirpi. Another unknown, spot 17 (Fig. 1), 
was present in the chromatograms of F, moniliforme, F, vasinfecturn and F, sparoiri- 
chiaides. 

Quantitative differences in the amino acid content in the free form in the myce- 
lium W'ere apparent even within species belonging to the same taxonomic group 
viz., in F. javanicum and F, solani (section Gibbosum) (Table I.), although the 
overall amino acid composition was similar. Marked quantitative as well as quali- 
tative dissimilarities in the amino acids present in the mycelium of Fusaria belonging 
to different taxonomic groups w^ere observed (Table I). 

The bound amino acids found in the culture of the Fusarium species (Table II) 
were: aspartic acid, glutamic acid, serine, glycine, threonine, alanine, lysine, arginine, 
proline, valine, leucine and/or isoleucine (with the exception of F, oxysporum)^ 
phenylalanine and tyTosine (excepting F. sambucinum and F, chlamydosporum). 

IB 
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Fig. 1. Free amino noida occurring in tho mycelium of Fumrium nionilifonne, [Identity of 
spots ill Figs. 1 & 2: (1) Aspartic acid, (2) Glutamic acid, (3) Serine, (4) Glycine, (5) 
Threonine, (6) Alanine, (7) Glutamine, (S) Lysine, (9) Arginine, (10) Gamma-amino 
butyric acid, (11) Proline, (12) Valine, (13) Leucine and/or isoleucine, (14) Phenyl- 
alanine, (15) Tyrosine, (16) Unknown, (17) Unknown, (18) Cystine], 


Spot 10 in the chromatogram of F, smnbucinum, F, culmorum (Fig. 2) and F. buhari- 
cum corresponded in position to gamma-amino butyric acid, wixile another unknown, 
spot 16, which gave a yellow colour with ninhydrin, was present in the extracts 
of F. culmorum (Fig. 2), F. solani, F . javanicum, F, laieritium, F. equiseti and F. scirpi. 
Differences in the chromatographic pattern of bound amino acids in mycelium 
of Fusaria belonging to different as well as the same taxonomic group seemed to 
be more quantitative than qualitative (Fig. 3, Table II). 

Simonart and Chow (1954) stated that the amino acid composition of the 
mycelium of Aspergillus oryzae was considerably influenced by the carbon source 
in the substrate. To test this in Fusaria, mycelium of F. moniliforme harvested 



Table I 

Showing the free amino acids present in the jnycelium of Fusaria 


230 


C. S. VENKATA 

kam: studies in the amino acid 

f 

X 

X 

X 

1 |lIAVOU3fU^^ 

X X X X X X X 


X X X X X X X X X X X X X X X 

ouihojXx 

X X X X X X X X X X X X X X X X X X X X X X 

UUlUUlB|/^UOq^£ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XXX 

XX 

ouiotioioHj jo/puu ouiorro'j 

XXX X X X X X X X X X X X 

eUlpt^\ 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

OUjlOJJ 

X 

X 

X 

X 

X 

X 

pljll 

aijA’pul ouiuni'VUiuiHj) 

X 

X 

X 

X 

eujunijv^ 

X X X X X. X X X X X X X X X ;-} >< X X X 

iiinwA'f 

X X X X X X X X X X X X X X X X X X X X X X 

0(MUIU)U|*) 

X X X X X X X X X X X X X X X X X X X X X X 

ottiuujy 

XXXXX^i>XXX-XXXXXv!^XXXX 

XXXXX’^'^XXX’^XXXXX’^XXXXX 

ouiuoo,i([j, 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

X 

X 

X 

X 

X 

X 

0UL)A'[‘J 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

X 

X 

X 

X 

X 

ouijoj;} 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

piov OHUttpijO 

X 

X 

X 

X 

X 

XX 

XX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

piatt orjjudsv 

X 

XX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XX 

X 

X 

X 

X 

Fusarium spp. 

1 

Ig s g| 1 sll g2 

|i|..|llii| i lli - ill 

sli’Is-s.JitlailillE.lilil 

B;! fej 6;! fel R;! fel ^ fis* 6 h* fel fel 


The number of x signs indicate the relative amounts of each amino acid. 
Spot 16 in Fig. 1 which gave a \"ellow colour with ninhydrin. 

Spot 17 in Fig. 1 which gave a purple colour with ninhydrin. 
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Fio. 2. Bound amino acids occurring in the mycelium of F, culmorum, 

from a two week-old culture grown on Richard’s medium containing 50 g./l. ara- 
binose, glucose, fructose, starch and sucrose was examined for free amino acids 
present (Table III). Gamma-amino butyric acid was detected in extracts of myce- 
lium harvested from sucrose and fructose cultures only, while threonine and tyrosine 
were found in extracts of glucose, fructose and sucrose cultures only. Two unknown 
ninhydrin positive substances were detected in extracts of glucose and sucrose 
and not in the other cultures. 

Discussion 


Earlier work of Fluck and Richie (1966) and Sanwal (1966) indicated the 
possibility of the production of the phytotoxin fusaric acid from certain amino acids 
synthesized by F. lycopersici, partic^arly alanine and citrullin. In the present 
investigation on the amino acids synthesized by twenty-two species of Fusaria, 
alanine was found to occur in free and bound forms in all the species. Of these 
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studied, the ability to synthesize fusaric acid in vitro has been reported only in 
F, vasiyifectum, Oibherella fujiknroi {F, nwniUforme)^ F. hjcopersici and F. orihoc^ms 
(Venkata Rani, 1956). Plausibly, the other species investigated are unable to 
convert the alanine and other amino acid precursors into fusaric acid through the 
absence of specific enzyme systems concerned in the process. The production of 
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fuaaric acid, therefore, seems to bear little relationship with the amino acid synthesis 
in Fusaria. 

Chromatographic Htudi<!S of amino acids and other constituents of plant and 
animal Hpecies un(lcrtak<'n from a taxonomic point of view liave yielded largely 
negative nsultH. However, Work and Dewey (1953) examining the chromatograms 
of hyflrolyzat(NM of 118 micro-organisms found that the presence of a, €-diaminop- 
imeli(j a(‘id was sj)ecific to certain taxonomic groups of bacteria and algae only. 
Similarly, lhi///ati-Traverso and Rechnitzer (195!1) were able to obtain a positive 
(‘orn^lation bi tween amino acid content and the taxonomic position of certain fishes. 

DeV'ay (1954) working with Ustilmfo zeae failed to obtain any correlation 
betwren amino acids synthesized in culture and their sex and pathogenicity, whilst 
Murray and Zsf lH'ile ( 1959 ) showed that amino acid synthesis is not a limiting factor 
in chlarnvdospore production in TiUetia caries. Similarly, it was observed here 
tliat no relationship existed between amino acid content and the taxonomic position 
of a f)articular Fumrium species. Indeed, variations both quantitative as well as 
qiialitative with fr(‘e and bound amino acid pattern of the fungal mycelium were 
as much [)etween species of different taxonomic groups as in species within tlie same 
group. 44ies(^ results are in line with the very recent findings of Mansford and 
KapfT (I 95 f)) w 1 k» dtmionstrated that no correlation existed between the taxonomic 
f>osition and tlie amino acid content of many of the higher and lower plant forms 
studi('<l by them. 

As sliown in Table 111, there is evidence to indicate that the ability to synthesize 
amino acids in culture is considiu-ably inlluen(‘e<} by the carbon source present in 
tlu‘ substrate, thus (‘onlirming the observations previously reported in Aspenjillus 
oryzae (Simonart arul t'how, 1954). 


Summary 

Quant iOvt ivo nrui qualitutivo <lifforon(M!S vwru fouiul in tho froo aminu acid contorU of 
ciiltun'M of t vvrnty-l wo Hf)rcj(is (»f /'^cvcro/m but ware not correlatad with the taxonomic })osi- 
tion of tla^ 8p(*ci('8. Only Nli^hl (juujititat iv(,' (lifh'reiK’e.s were found in (lie l)ouial amino aeid 
eoident of thn differiMit spc'cieH test(>d. Fifteen known amino acids and oiio iinkitown ninhydrin 
posilivc' Hultstance were i(t<*ntifie(! as occurring both in ttio txamd and free hjrins in the Fi(snriu‘rn 
myei'liuni; in addition, anotJior unknown substancM* was detocteci in the free form. Qiialitative 
e)lang^^s in the carbon source's present in t)ie substrate eonsiderably inthu'nec'd the free amino 
aeiil composition of tho mycelium of F. rnonjiiforwr. Fnaarium mycelium harvested from a 
two wt'ck-old cultuH' ill Itiehard’s medium contained aspartic acid, glutamic acid, serine, 
gly(uru', threonine, alanine, glutamine, lysine, arginine, valine, leucine and/or isoleueine, 
phenylalanine, tyrosine in the free form in the majority of tlie species, whilst in addition to 
these and with the* exception of glutamine, proliiie was always iletoeted in the hound form. 
Uammu-ainino butyric acid was found to occur in the free and bound form in certain species. 
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NODAL ANATOMY AND THE VASCULAR SYSTEM OF THE SHOOT OF 
RICE PLANT (ORYZA SATIVA L.) 

htj CiRiJA P. Majitmdar, F.N.I., and Biswambhar Saha,* Calcutta 
{Received April 1; read May 3, 1957) 

iNTROniTCTlON 

Ttio rice plant is an animal gi’ass. Its culm is erect, cylindrical and smooth, 
sli^^htly Hvvollt^n at the node which is solid but hollow' in the inteniode. The leaves 
ar(^ distichous, base of cac;h ligulatc leaf forms a tube (sheath) completely enclosing 
the whole of the upper internode but split down the side opposite the blade except 
at the node of its insertion. 

The courH(;s of the vascuilar bunflles tlirough the intornodes, nodes and loaf 
bases, i.o. the vascular system of the shoot of grasses, have rarely been studied in 
detail, and our knowdedge in this respect is rather incomplete. Do Bary (1884) 
tlescribcd the striudurc of the grass node as a ‘complex and confused felt of trans- 
v^erso bundl(‘s in each node’ (pp. 262, 264 and 311). Haberlandt (1914) coming long 
after stated that ‘the true form of the vascular system is obscured owing to the 
great elongatiori of th(‘ internode (20-~50 or more) . . . and are connected at the 
nodes by an abundantly branched network of transverse anastomoses’ (p. 384). 

Bugnon (1920a) studied the origin and nature of the transverse vascular system 
thiit form the nodal netw'ork or plexus (lacis aiix noeuds) in the apical buds of the 
s(;odlings of Oryzn mliva. According to him such a system is formed by the sudden 
change of direction of the longitudinally running leaf-trace bundles on entering the 
node from the k'af-shcath, though Mold attributed its independent origin to the 
activity of a nowdy bom (naissant) secondary meristem within the nodal diaphragm. 
In a second paper (19206) on the subject he tried to explain the causes of such 
transverse journey (causes dii parcours) of the leaf-traces in the grass node. 

Arbor (1925) commenting on tlie nodal structure of grass culms stated that 
‘the task of following the bundles in the monocotyledonous axis owing to the crowd- 
ing (d' the loaf traces and their varying curvatures ... is an exacting and 
difhcult ta.sk wliioh botanists seem to have shirked accordingly; indeed, most of our 
information on the subject is many years old. Tt is much to be desired that some 
prcvsont-day worker would apply the skill and patience necessary for obtaining fresh 
data with the aid of modern technique’ (Chaj). Ill, p. 37). In 1934 .she stated 
again that, ‘in the internode of gras.s haulms the ctuirse of bundles is vertical, but at 
the level of tin* nodes horizontal strands are met with which connect the vertical 
strands and anastomoses into an elaborate nodal plexus’ (p. 259, Figs. 125, Bj, B 2 ). 

The position, it appears, remained the same in 1947 when Eames and 
MaoDaniels wrote that ‘in monocotyledons the many bundles form extremely 
complex notlal structures . . . There is little clear information as to the basic 
plan in these nodes’ (p. 152). It seems strange that they (Arber, 1926, 1934; 
Earnes and MacDaniels, 1947) did not make any reference to the w'orks of Percival 
(1921) and Sharman (1942). 

In 1921 Percival studied the vascular system in the intemode, node and leaf 
base in the shoot of wheat plant which is hollow like that of the rice intemode, 
Sharman (1942) studied the same in the maize plant, the intemode of which is solid. 
(For detailed information see authors’ original papers, or Esau, 1953, pp. 399-402.) 


* Now in the University of Manchester, England. 
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Esau (1953), however, makes a general comment that 'the complex arrangement of 
the vascular bundles (in grass haulm) is related to the variable orientations of the 
different traces of the same leaf ’ (p. 400). 

Stover (1951) distinguished three t^ypes of grass stem on the basis of their inter- 
nodal strucWes, namely, (1) in the Fastuceae, Hordeae and in some species of 
Agrostideae the stem bundles are arranged in a single cylinder, (2) in the Agrostidoae 
and Paniceae they are arranged in two or three cylinders, and (3) in the Andropogo- 
neae and Maydeae, the stems of which are solid, the bundles are irregularly arranged 
and no cylindrical arrangemont is noticed (p. 178). Esau (1953) on the other hand 
recognized two basic plans in the distribution of vascular bundles in the internodes 
of grass stem: (1) in hollow intcmodes the bundles are arranged in two rings or 
circles, the smaller bundles nearer the periphery, and the larger ones somewhat 
deeper in the stem, as in Triticum, Oryza, etc., and (2) in the solid internodos the 
bundles are scattered throughout the ground tissue, as in Zea, Sorghum, Barabusa, 
etc. (p. 399). 

Tn rice internodes the fibrovascular bundles are arranged in two circles as in 
wheat plant; sclerified hypodermis forms a continuous stereome cylinder with the 
bundles of the outer ring more or less embedded in it. The nodal structure is very 
complex. 

So far as we are aware no detailed studies of the vascular system in the shoot of 
Or,yza have been made. As our studies of the nodal and intemodal structures of 
this plant show considerable variation from those of Bugnon (1920a) and Percival 
(1921) in many details the present communication is considered desirabltj. 

Materials and Methods 

Materials for the present studies were grown in tJie botanical garden of Dacca 
University. To study the vascular system of the mature plant a few seedlings were 
transplanted in pots. Plasticine cups were fixed to the base of the mature inter- 
nofles above ground level below a node and a weak solution of India ink was poured 
in the cups. By means of a shaq) scalpel a transverse puncture was made in the 
stem under the ink solution in some cases. The black solution was sucked ifi 
slowly through the vascular bundles, and then the course of some particular bundles 
could be easily traced in the stem through the internodes and nodes by serial trans- 
verse sections through them. The nodal regions with leaf-sheaths and portions of 
the low^er and upper internodes of the see(llings and adult j)lants were fixed and 
preserved in FA A solution. At the time of use the preserved materials were 
dehydrated and embedded in paraffin according to schedule. Some of the sections 
were microtomed at 10/>t~15/x, and stained in safranin and fast green combination, 
but most of the sections were cut free hand or with a hand microtome. Hand 
sections were stained with a light solution of safranin and serially mounted in 20% 
glycerine solution and sealed with a paraffin -rubber preparation. 

Text-figures (Figs. 1-15) have been drawn under a camera lucida. Photomicro- 
graphs (Figs. 16-23) have been taken only of the salient stages wherever thought 
necessary. 

Observations 

As we believe in the acropetal differentiation of the provascular meristem in 
the shoot of higher plants the vascular system in the shoot of Oryza has been 
studied in serial transverse sections from the top of an intemode upwards through 
the node to the base of the next upper intemode. 

* In the hollow intemode the bundles show considerable regularity in their dis- 
tribution and form two distinct circles around the stem. The outer ring consists of 
small vascular bundles which are more or less embedded in the hypodermal 
stereome tissue. All these bundles are not similar in size but are alternately large 
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and amalL Their number varies from 18 to 22 in this ring. Beneath the outer zone 
of buildups occurs e median zone (inner circle) which contains the same number of 
bundles whicdi an? mucli bigger in sizes. In this ring also the bundles exhibit two 
types: the ovals and the ellipticals (roughly on their shape). The ovals are 8ituate<l 
just op|>oHit<5 the big bundles of the outer ring, and the ellipticals to the smaller 
ones (Figs. 1 , 2). Tlie ellipticals are slightly bigger tlmn the ovals. Thus the bigger 
of the inner ring are situated op^Kxsite to the smaller of the outer and vice versa. 
In this way four typen of vascular bundles (Figs. 2 and 3) can be di.stinguished in the 
internodo by their size and jK)sition. Each leaf has numerous trace bundles: large, 
small and Hinallest arranged in the order — large, smallest, small, smallest, large 
and so on in j>arallel serie^s (Figs. 22, 23). 

In order to follow in detail the course of intornodal bundles through the node to 
th(? base of tin? leaf and to that of the next uf)per internode three consecutive bundles 
of the outer ring (numbered 1, 2, 3) and three of the inner ring (numbered 4, 5, 6) 
have beeri selected (Eig. 2). 

As we ])roc(HMl from the internode towards the base of the node the vascular 
bundles imiriiase in size and the air cavities gradually become smaller and smaller 
atul !dtimat(*ly disappear in the nodal region (Figs. 3-5). At first the inner ovals 
(4, fi) and the out(‘r bigger bundles (I, 3), placcfl opposite to eacli other, enlarge, 
hut th(? inner elliptical (5) and tlu? outc^r smaller (2) retain somewhat their normal 
.size witli slight (changes in tlieir shape (Fig. 3). Eacl] of the outer bigger bundles 
(I, 3) heconu^s laterally extended with tlie two xylein elements shifted towards 
their (‘iids. The iimer ovals (t, i\) give out a branch each (4', O') towards the |)eri- 
f)hery which hder on joir» th(' ('entrul r(‘gi()n of bundles 1 and 3 (Figs. 4-6 and 17-19). 
Transv(‘rse {)rovascular incristern doveio[)s in enormous quantity and forms a net- 
work completely surrounding the vascular bundles of the inner ring. By this 
tinn^ four v(‘ss(d olcnnuits differentiate in the outer smaller bundle 2 which has also 
(^xtend(‘d laterally (Figs. 5 and 6). 

3'h(-‘ ovals (4, 6) gradually regain their !U)rmaI size and move towards the centre 
of tbo nodal plate, when the elliptical (5) enlarges (Figs. 5-8, 17 and 19). All the 
hiindles of the outer ring become .scmi-lunar enlarging laterally (Figs. 6 and 17). 
Bundles I and 3 by this time join with the branches of the ovals (Figs. 5, 6 and 18). 
In .serial transvt'rs<? seeticais through the node many large and small subsidiary 
bundl(\s are seen to differentiate by the breaking up of the secondary provascular 
meristem in the node (Figs. 4-11 and 18-22). An outer zone of cortical tissue free of 
vascular bundles is now discernible which represents the continuation of the sheath- 
ing leaf-base in the node (Figs. 5-9 and 17-22). 

The ellii)tical (5) continues to enlarge and moves towards the periphery to join 
the outer smaller (2) at its centre. All the bundles of the outer ring, big and small, 
can now be distinguished into throe parts — one central and two marginal (!', 1,1'; 
2', 2, 2'; 3', 3, 3'; Figs. 5, 6, 18 and 19). The marginal parts have one xylem element 
each, but the central part of the bigger bundle has none whereas that of the smaller 
one has two elements each (Figs. 7, 8 arid 18). The central parts of the bigger bundles 
(I, 3) later form the eollenchymatous caps of the branches from the inner ovals 
(4', 6'; Figs. 9 and 10). 

We have already mentioned that the ovals move towards the centre and the 
enlarged elliptical towards the periphery of the node. The contiguous marginal 
parts of the bundles of the outer ring (1, 2, 3) unite with one another and also with 
strands of secondary origin (Figs. 8-10 and 20). The central part of the outer smaller 
bundle (2) having two vessel elements now gives out two branches (2"", 2") contain- 
ing one vessel element each towards the base of the leaf-sheath, leaving the central 
region without any xylem element. This part like the central parts of 1 and 3, 
forms the eollenchymatous cap of the elliptical 6 (Figs. 9-11 and 20-22). 

The three composite bundles (4' + l, 6+2) formed by the union of the 

branches of 4 and 6 with the central parts of 1 and 3, and of the elliptical 6 with 
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the central part of 2, now move towards the base of leaf-sheath. The branches, 
2" and 2* of 2, also move independently to the sheathing leaf-base. The composite 
bundles forming the largo bundles of the leaf-sheath have enormous quantity of 
collenchyma around tliem to give flexibility to the sheathing base (Fig. 23). 

The lateral parts of all the bundles of the outer ring now separate from the 
centre and move inwards (T, I'; 2\ 2'; 3\ 3'), unite and in combination with the 
subsidiary vasfsilar tissues form a vascular cylinder broken only in the region 
through which the ellipticals pass out to the base of the leaf-sheath (Pigs. 11 and 22). 
The gap in the inner ring caused by the departure of 6 is later filled up by a bundle 
formes! anew from the nodal rneristem and moved into the gap to complete the ring 
(Figs. 10-12). The ovals gradually change theii* shape to become the ellipticals in 
the? next upper internode (Figs. 12-14). 

The sheathitig base of the leaf now separates from the node (Figs. 12 and 23). 
The diB(*ontinuoiiH out(U’ va.seular cylinder is then repaired with secondary vascular 
tissues and a complete cylinder is formed (Fig.s. 12 and 13). It then breaks up into 
units which organize as large and small bundles of the outer ring in the next upper 
internodc (Fig. 14). This happens at the base of the iip{)er intemode. Thus the 
peripheral bundhis of an upper intemode are made up of the lateral vascular parts 
of the outer bundles of th (3 immediately lower intemode with some amount of the 
subsidiary vascular tissues of the node. Half the number of bumlles of the inner 
ring of an intemode come from the lower internodc (ovals which change their shape 


Explanation of TicxT-KiauRK.s on r. 239 (for doscriptioii see text) 

(All the fik'uros have hoo?i drawn and photo!ni(TOgrapho<! from aerial trausvors«> aeotions 
of tlio Hxi.s from tho I Of) of an ititornodo to the baao of the upper Intoriiodo 
thioos^li the irit<'rv'eaiag node) 

I ahow.s the arnwigerneiit and dispoaitiou of the vascular bundles of the intemode. 
Fifi;. 2 ia a portion of Fig. I showing distribution of bimdlos 1, 2 and 3 of the outer ring, and 4, 
f) and () of the inner ring, anti of air spaces. Fig. 3 n'proaents the structure of tho intemode just 
below the node showing ('nlargoinent of tho bundles, and reduction in tho size of air spaces before 
they (aiU'r th(' nodal region. Fig. 4 is a t.s. of the node showing origin and the spread of the 
provascular ineristeiu and differentiation of a few subsidiary strands from it ; it also shows 
branchings of 4 and t> (4', 6'). Figs, 5 au<l G transverse sections of tho node higher up showing 
deinarcal itm t)f tlio cortical region, lateral spread of tho outer internodal bundles, disintegration 
or breaking up of the secondary vascular tissues into st^veral parts, and the union of 4' and G' 
with the central perts of 1 arui 3; bundle 5 has enlarged further and has moved towards 2. Fig. 
7 is a t.s. of the node showing coaloscouce of tho continguous laU^ral parts of I, 2 and 3, and with 
subsidiary vastailar tissues. Figs. 8 and 9 show the separation of the coalesced parts from tho 
central parts of 1, 2 and 3 and their movement inwards; outward bnvnches 2" and 2^ of bundle 
2 orgmiize and separate from it leaving the central part without any vascular oloments; 5 has 
moved out further, tind 4 and G have moved towards tho centre of tho node. In Fig. 9 new 
bundle 5fi is being orgojiizotl fixirn the secondary vascular moristom. Figs, 10 and 11 show the 
full orgmii/.at ion of the three types of leaf-trace bimdles, and their movement outwards into 
the cortical region; a cylinder of vascular tissue has formed with tho branches of 1, 2 and 3 and 
some amount tif subsidiary vascular tissues broken at tho pUic^ through which 5 has passed 
out; 6)1 has mo veil to o(!cupy its position l>otweeu 4 and G. Fig. 12 shows the separation of 
the leaf-shoath with its trtK^o bundles and air spaces from the node; the broken cylinder of 
vtiscular tissues luvs lx>eii repaired, and the new bimdlea have taken their position in the inner 
ring. Figs. 13 and 14 show that tho complete ring has now broken into its component parts, the 
small and large bundles of the outer ring of the upper intemode. Fig. 15 is the t.s. of the entire 
sheath shown in part in Fig, 12. 


Legend 

as — air space; cc — collenchymatous cap; car — cortical region; in — upper intemode; sb — 
subsidiary bundle; sb — leaf-sheath; sfu — secondary provascular rneristem; on — ^new bundle of 
tho inner ring (nodal origin); cross hatchings indicate origin from secondary provascular meri- 
stero of the n^e. 
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to become ellipticals), and the other half are formed from the meristem of the node 
between the two successive intemodes. Each new bundle thus originated passes 
through two consecutive internodes and then moves out to the base of the leaf- 
sheath in the third node from its node of origin. 

As the structure of the nodes and the vascular organization in the shoot of 
Oryza are rather complex and confused, a summary of the observations recorded 
above is given below : 

A. Iniemodal bundles (18-22 in each ring): They are arranged in two concentric 

rings, and in each ring there are two types of buiKiles, large and small, 
alternating with each other. Wo luave followed the course and behaviour 
of six bundles, tliree of the outer (numbered 1, 2, 3) and three of the inner 
(numbered 4, 5, 6) <;ircles through the node from the top of the lower inter- 
node to the base of the next upf)er internode, and to the sheathing base of 
the leaf. Redundant details have been omitted to follow their courses 
clear in the shoot. 

1. The outer large bundles (1 and 3): On entering the node from below each of 

them organizes into three distinct parts, the central without any vascular 
tissue (!', 1, 1'; 3', 3, 3'). The lateral parts with the vascular elements 
separate from their central and join the contiguous similar parts of 2 
(2', 2'), and later together witli the subsidiary vascular tissues form 
the bundles of the outer ring of the next upper iuternode. The central 
parts of 1 and 3, wiiich are non-vascular, form the collenchymatous 
caps of the branches of 4 and 6 (4', 6') and go to the leaf as its small 
bundles. 

2. The outer small bundle (2); It gives ont four lateral branches, two towards 

the centre and two towards the periphery of the stem. The two inward 
branches (parts 2', 2') go to form the vascular bundles of the outer ring of 
the next upper internode in conjunction with the laterals of the outer 
large (!', 3') and subsidiary bundles. The two outward branches 
(2^", 2") go to form the intermediate smallest bundles of the leaf-sheath. 
The central portion of 2, now devoid of any vascular tissue, forms the 
cnllenchymatous cap of the elliptical 5 of the inner circle, and the two 
together pass out to the base of tlie leaf-sheath as its large bundle. 

3. 7V/C inner ovals (4, G): They give out one small branch each (4', O') towards 

the periphery to join the non-vascular central parts of 1 and 3 
respectively and pass out as the small bundles of the leaf-sheath. The rest 
of the ovals go to the next upper internodo as ellipticals of its inner 
ring. 

4. The inner elliptical (5); It moves towards bundle 2 which it ultimately joins, 

and along with the non-vascular central part of the latter as its collen- 
chymatous cap forms the largo bundle of the leaf-sheath. 

B. Leaf -sheath bundles: They comprise three types, namely, the smallest, the small 

and the largo, arranged in the order — large, smallest, small, smallest, 
large, and so on in parallel series. 

1. The smallest (intermediate) bundles: They are branches (2\ 2") of the outer 

internodal bundle 2. The number of such intermediate bundles are 
twice the number of bundles branched. 

2. The small bundles: These are composite bundles, each being composed of 

the central non-vascular parts of 1 and 3, and a branch from the corre- 
sponding inner ovals, 4 and 6, 

3* The large bundle: It is also a composite bundle being composed of the non- 
vascular part of 2 and the entire elliptical 6 of the lower inteniode. 
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C. The nodal pl/Ue: The origin, nature and composition of the vascular system of 

the nodal region have been worked out as follows: 

1. Secondary prova.scular raeristem takes its origin in the nodal region in 

(?normous quantity, spreads in all directions and surrounds the vascular 
bundles of the inner ring of the intemode below; from this nodal 
ineristem transverse, vertical and radial secondary vascular tissues 
diffcTentiate, 

2. branchings of the bundles of the outer ring and of the ovals of the inner ring 

of lower intemode take place, 

3. all the bundles grow in size, 

4. the ovals after sending out a branch each change their shape to become 

ellii)ticalH of the next upper internode, 

5. new ovals of the upper internode are formed from the secondary meristem, 

and they move into the gaps caused in the inner circle by the wholesale 
departure of the ellipticals for the base of the leaf-sheath, 

0. many additional bundles also differentiate from the secondary meristem, 
but they disappear at the base of the upper intemode, 

7. interconnections and anastomoses take place among the intcrnodal vascular 

bundles of th(^ outer and inner rings of the intemode by means of 
secondary vascular tissues and their branchings, 

8. vascular parts of tlie outer bundles coalesce and with subsidiary vascular 

tissu(‘s form a complete cylinder V)eforc they break up into large and 
small bundles of the outer ring of the upper internode, 

9. the leaf-trace bundles depart for the base of the leaf-sheath, and 

10. all air <^avities and the hollowness of the pith disap|)ear. 

D. Upper internodal bufulles: The bundles of the outer ring come from the 

branches (lateral vascular parts) of both the small and large bundles 
(1, 2, 3) of the outer ring of the intemode below. But before they 
separate into discrete bundles m the upper intemode they form along 
with the subsidiary tissues a complete cylinder in the upper region of 
the node. The ellipticals of the inner ring are the ovals of the intemode 
behnv and the ovals are formed anew from the secondary provascular 
meristem of the node. 

DivSCussion and Conclusion 

The nodal structure of the grass stem has been described by previous workers 
as complex and confused. Esau (1953) thinks that such complexities are due ‘to 
the variable orientation of the different traces of the same leaf\ She thus supports 
the view held by Bugnon (1920o) in the case of rice seedlings. Eames and 
MacDaniels (1947) write ‘there is little clear information as to the basic plan in 
thc^o nodes’. Esau (1953), however, distinguished two basic plans of distribution 
of the vascular bundles in the two types of internodes, hollow and solid, though 
Stover (1951) classified three types of grass stem on the basis of their internodal 
structure. 

In 1921 Percival investigated the nodal and internodal structures of the wheat 
plant, with hollow intemode and solid node. Sharman (1942) worked out the 
same structures in the solid node and intemode of the maize plant. So it will be 
seen that the vascular systems of the grass shoot with hollow intemode and solid 
node have not been stuclied in detail after 1921, The present studies of the same 
in the shoots of the rice plant may be regarded as a new contribution. 

In the present studies the origin and course of internodal bundles have been 
followed from the upper region of the lower internode to the base of the leaf-sheath 
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diverging from the node and to that of the next upper internode through the 
intervening node. It would thus be seen that the course of the viiscular system 
has been followed acropetally in the shoot of Oryza instead of basipetally as has 
been done in the case of Triticnm by Percival. 

The internodal bundles of Oryza stem, as in that of Triticnm, are arranged in 
two circles: an outer peripheral and an inner internal. By their size and shape 
the bundles of the outer ring are distinguished into large and small, and those of 
the inner ring roughly into ovals and ellipticals. The inner are the largest bundles 
of the stem. In their respective rings they alternate with one another, and in their 
disposition the large and small bundles of the outer ring arc placed opposite res^ 
pectively to the ovals and the ellipticals of the inner ring. In the nodes the ovals 
and all the bundles of the outer riug braneh. Each of the former sends out a small 
branch to join the central parts of the outer large bundles and the two together 
form the trace bundles (small) of the leaf, Tlie ellipticals do not braneh, but move 
out to join the central parts of the outer small bundles and form the largest leaf- 
trace bundles. Each of the small bundles of the outer ring sends out two branches 
to form the smallest trace bundles of the leaf. The central parts of the 
outer bundles d(^ not contain any vascular tissue and they form tlie eollenchymatous 
caps of the small and largest bundles of the leaf-sheath. Therefore the leaf-trace 
bundles are not only large, small and smallest acconliug to their size, but they 
differ also from one another in their origin and composition. 

Each largo bundle of tlie outer ring (internodal) extends laterally and inwardly 
to assume the form of an arc. The vascular elements move to the ends leaving the 
central part without any vascular tissue. At this stage each bundle can bo divided 
into three parts: the central without any vascular ti.ssue and two lateral parts with 
vascular elements. This also happens in the case of the small bundles, but their 
central portions still retain two vascular elements each which later go with the 
branches which they send out to form the smallest bundles of the leaf. Their 
central parts, like those of the large bundles, now become non -vascular. It is thus 
to be noted that the central parts of the outer bundles become non-vascular before 
they are coiiverted into eollenchymatous caps. It is also clear that the large and 
small bundles In'liav^e differently in this respect. 

The lateral vascular parts then separate from tlie non-vascular central ones, 
and th(^ (ontiguous parts of the neighbouring bundles, one from the large and the 
other from tlie small, unite first with each other and then with the secondary 
vascular tissues to form a broken cylinder. Just above the level of separation of 
the leaf the broken cylinder becomes continuous which then breaks up into alternate 
large and small outer bundles of the upper internode. Tiiese bundles are therefore 
lateral vascular parts of the peripheral bundles of the lower internode. They 
remain confined to the stem and send out only the non-vascular central part to the 
leaf. 

At each node the ellipticals pass out to the leaf causing gaps in the inner ring. 
Their places are taken by bundles formed anev from the provascular meristem 
of the node. The ovals while passing upwards through the node give out a branch 
to the leaf and then change their shape to become the ellipticals, and the new 
bundles which take the position of the departed ellipticals enter the upper intemode 
as its ovals. 

Thus the bundles of the inner ring, which are the largest in the stem, are all 
leaf-traces, take their origin in the provascular meristem of the node, pass upwards 
through two consecutive intemodes, and move out to their leaves at the third node 
from the node of their origin. 

* The origin of the provascular meristem in the node is secondary, and is a 
peculiar feature of the grass stem. It differentiates into a transverse vascular 
system which along with the leaf-trace bundles and their branches form the com- 
plicated nodal plexus. It spreads transversely in all directions but keeps inside 
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the ring of outer 1>utk11(\4, surroundH the inner bundles half of which take their origin 
in this merintci i to replace those which leave for the leaf diverging from the node. 
The vascular bundles, ditfcreiitiated from this meristem anastomose, form a network 
and establiHli interr onnecti(jns between all the biindlewS of the internodes and their 
braiK'hes, and firjally disappear in the upper region of the node. 

TIiti provas( ulur meristern is thus indei)en(lent in origin and is confined entirely 
to the node. Our studies sap[)ort Mold (Bugnon, iy20<i) but do not support Bugnon 
(Bugnon (Oryza), 1920a, l920/>, 1924; Sharniaii (Maize), 1942), though it is true that 
outer intcniodal bundles (small and largo bundles in Oryza) divide in the nodes 
into vasr uJar and rK)n- vascular parts, and the former unite with the secondary 
vascular tissues to form a continuous cylinder in the upjK^r region of tlie node. It 
is to \h) note<l that the outer internodal bundles are really (‘auline as they contribute 
only tluar central non-vas(.‘ular parts (residual) to form the collenchymatous caps 
<ii tlie leaf-trace bundles and half of them (small) send out branches to form the 
intermediate bundlew of the leaf-sheath. The continuity of the peripheral bundles 
from internodo to intornode is maintained by their vascular lateral parts to which 
some secondary tissues may be added. 

JndepoiidfUKUi of th(5 transverse system from the buds is supported (Bugnon, 
1921 ; Ksau, JOoIl, pp. 40(^ 402, Figs. 15 and 23, A-F). The coinpli(‘ated structure of 
tlie node is not due to the variable orientation of tlie dilTerent traces of the same leaf 
(Bugnon, 1920a; Ksau, 1953). This may be true for Triticum, but the same can- 
not be said of Oryza. The nodal [ilexus in the rice plant, as we have already seen, 
is made up of a sysUan of transverse vascular tissues flifferentiated from a provas- 
cular meristern ot' secondary origin, combined wdth the leaf-trace bundles of two 
suc(‘ossive leaves, and their branches p/a.s the caiiline bundles of the {leripheral 
ring, and thc'ir branches. All these bundles anastomose, form a network, and 
eMtal>lish interconnections with one anotluT. 

Anatomically the node whicli is vertically thic k (leaf cu.shion) can be dis- 
tinguished into thr(‘C regions: knve^r, middle and u})p(T. In the ba.sal region the 
provaseular nua istcan ditferentiates; in tlio middle region the nodal plexus is formed 
ineluding the origin of new leaf- trace bundles, and branchings of the internodal 
bundles, and in the ufiper region the bundles of the outer internodal bundles are 
eonstituted. Therefore Sharman's (1942) finding that the node of maize stem is 
uuide up of the base of the upper internode and the upper half of the disc of insertion 
of the l(!af iirirnordium seems substantially (‘onect also in the node of Oryza. 

The swollen nature of the node is easily explained because the disc of insertion 
(leaf cushion) of the loaf primordium (cf. maize stem, Sharman, 1942) encloses the 
axis, and gives the maximum thickness to the node. 

Summary 

Tho origin, nature and the course* of tho vascular system in the shoot of rice plant have 
boon studied Bi>nK'vvhHt in detail in serial traiisv^erso sections from tho top of a lower internodo 
to tho Iwis*' of the next upp<w internode through tho intervening node mid also to the base of tho 
leaf diverging from the latter. 

In tho internodo the bundles are arranged in two concentric rings in which they arc alter- 
nately large and small in tho outer, and roughly oval anil elliptical in tho inner rings resjwctively. 
The ovals and ellipticals are the largest in the stem, and are placed oppo.sito respectively to the 
largo and small bimdlcs of tho outer ring. 

In the node each oval stands out a small branch which with tho non -vascular central part of 
the outer large bimdle as its collenchymatous cap goes to tho leaf as its small bundle. The oval 
then moves up to bi?come tho elliptical of the upper intornode. Tho elliptical on the other hand 
passes entirely to tho leaf with the non-vasoular part of the outer small bundle, as the largest 
leaf-trace bundle. Its place in the node is taken by a now bundle originated from the secondary 
meristern of tho node. This new bundle then passes up to the upper intornode as the oval of 
its inner ring. All tho inner bundles, ovals and ellipticals, are therefore leaf-traces, and one 
lialf of them by turn take their origin in tho nodal moristem. Each of them passes through two 
Buccoasivo internodes alternately as tho oval and the elliptical before it passes out in its leaf. 

2l\ 
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The bandies of the outer ring behave differently. The large bundles extend laterally in 
which the vascular elements move leaving the central parts w’ithout any vascular tissue. The 
small bundles in addition to dividing into three parts like the large bimdles also send out two 
branches, each witli one vascular element in each branch, to the leaf as the latter’s smallest 
bundle. Their central parta now becomo non-vascular. Thus the throe kinds of leaf-trace 
bundles, largest, small and smallest, not only differ in their sizes but also in their origin and 
nature. 

The lateral vascular parts of each bundle, small and large of the peripheral ring, separate 
from the central non-vascular parts and move inwards. The contiguous parts of Uic neighbour- 
ing small and largo bundles unite and then coalesce with the secondary tissues differontiaitKl 
from the nodal moristom to form a complete cylinder in the upper region of the node before the 
latter breaks up into small and large bundles of the outer ring of the upper intemode. Those 
bundles or their vjiscular parts continue from internode to internode, aixd only the non -vascular 
central parts are sent to tlio loaf as the collouchymatous caps of the leaf-trace bundles of the 
largo and small, and two branches from each of the small bimdles tis the intermediate bimdlos 
of the leaf- trace. 

The nodal structure, which has been described us complex and confused, is the result of the 
origin of the transverse provascular moristom in the node. This inoristem spreads in all direc- 
tions and surrounds the inner loaf-trace bundles and difforc^ntiates into a transversely oriented 
vascular system which forms a network and establishes interconimimications l^etween all the 
bundles of the node, and their branches. The secondary bundles originate and disap|>o«).r with 
the exception of half the number of loaf- trace bundles, whicli it gives origin to, within the node. 
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Explanation of Plate XXIII 

Fig. 16 shows the origin and spread of the provascular moristein at the base of the node. 
Figs. 17, 18 and 19 are t.s. of tho node at different levels showing distribution of the subsidiary 
bundles, movements of the ovals and their branches, of the elliptical, and of tho lateral spreads 
of tho outer bimdles. Figs. 20, 21 and 22 show tho origin and separation of tho outward 
branches of 2; formation of broken cylinder of vascular tissues (cf. Fig. 11) and tho origin of 
the new bundles of tho inner ring to replace those left for the base of tho leaf. Fig. 23 shows tho 
separation of the leaf-sheath with its bundles from the node; air spaces have appeared; 
the upper intemodal bundles are still being reconstituted at the base of the upper intomode. 
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Introduction 

The ^enuH llordeum luis attracted the attention of cyto]o^ 2 ;iHts from time to 
time, and a ^o(xl <leal of work has been carried out regarding the chromosome counts 
and the nu^iotic behaviour in difTerent species of the genus. Different authors, viz. 
Kihara (1924), Kagavva (1929), Ghimpu (1929) and Tsuchiya (1952), reported the 
diploid chromosome number as fourteen in case of //. vulgare Linn. Lewitsky 
(1931) observed two pairs of ehromosonu's Avith satellites in the body cell of all 
cultivated diploid species of Hordeum. Chin (1941), too, corroborated his observa- 
tion after a study of the morphology of the chromosomes in all cultivated diploid 
forms. In case of wild dij)loids and tctraploids, he recorded the occurrence of one 
pair of satellited chromosomes in the former and two pairs in the latter. Attempts 
towards the induction of higher polyploids of barley have also been met with 
marktal success (Chem et al., 1945). The meiotic behaviour of chromosomes of all 
such raised types has also been thoroughly studied. Critical study to some extent 
in the cereals has l^ecn earned out by Oinuma (1952). 

The common Indian barley, Hordeum vulgare Linn., is cultivated throughout 
the drier parts of India and different agricultural strains have been raised in the 
Indian Agrieultiu’al Research Institute, Ngav Delhi. Though much of genetical 
work has bet^n done on the species, no attempt has yet been made to make a critical 
investigation into the cytogenetics of the different strains of barley as well as H. 
murinuum L. and H, distichon L., the two allied species of H. vulgare. 

The fact that the genus Hordeum represents plants of much economic 
importance and that its species and varieties, having chromosomes quite small in 
number and large in size, provide good material for a critical study of their morpho- 
log3^ an aspect of study quite unattempted till now, it was thought desirable to 
carry out a critical investigation into the cytogenetics of its different species and 
strains with the aid of the recently improved technique. With this end in view, 
the present investigation was undertaken. The present paper deals with the karyo- 
type analysis and the meiotic behaviour of different strains of barley, obtained from 
the Indian Agricultural Research Institute, New Delhi. 


VOL. 22, B, No. 6. 
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Materials and Methods 

The following strains of barley have been used in the present investigation : 

(1) IP: 1, (2) IP: 9, (3) IP: 13, (4) IP: 14, (6) IP: 20, and (6) IP: 24.^ 

For the study of somatic chromosomes, root tips wore fixed from seeds 
germinated in sawdust in the laboratory. After a strenuous trial in different 
fixing fluids, it became apparent that the mcta phase chromosomes of tliese strains, 
though properly fixed, presented much difficulty in tfie interpretation of their 
morjfliology due to their considerable length as well as duo to the presence of much 
foreshortening of their arms. For the purpose of straightening tlio chromosomo 
arms, simultaneously w'ith the exaggeration of tlie constrictions present, it was 
thought desirable to treat the root tips, before fixing, in cold temperature in dilute 
aqueous solution of colchicine. The application of this colchicine technique for the 
purpose of chromosome straightening has already been met with marked success in 
case of Vida faba L. by Bhaduri (1939). After a series of trials, best results were, 
however, obt^iined by fixing the root tips between 12 noon and 1 p.m. in a solution 
of 1% aq. platinic chloride and 10% formalin in the proportion of 1 : 4, after a pre- 
treatment in 0-5% colchicine solution for one hour and then subsecpiently washing in 
water for the same period. It was observed that a treatment in slightly lower 
dilution of colchicine for a longer period aiul in slightly higher dilution for a shorter 
period yielded more or less the same results. In some of the cells, however, tetra- 
ploid number of chromosomes were observed, formed as a result of direct effect of 
(jolchicine. For the study of meiosis, flower buds were collected from the plants 
grown in the Calcutta University Botanic Gardens, and fixed between 10 a.ra. and 
11 a.m. in Nawaschin’s fixative after a pretreatment in Carnoy’s fluid. 

Sections were cut at a thickness of l8/i both in case of flower buds and root tips 
and stained in the usual procedure of Newton’s crystal violet-iodine technique. 
In case of root tips, however, hydrolysis in N. HCl for fiftetm minutes at 60®C, and 
then premordanting in 1% chromic acid for overnight became necessary to bring out 
best results. For the study of nucleoli, Feulgen-Light green technique of Seramens 
and Bhaduri (1941) was followed. 

The figures were drawn at a table magnification of 3,600 times approximately 
using a compensating eyepiece xl8 and a 1*3 N.A. apochromatic objective. 


Observations 

The chromosome numbers of all the strains studied were found to be fourteen, 
thus corroborating the previous observations (Lewitsky, 1931; Chin, 1941, etc.). 
The karyotype analysis of all these strains revealed much difference in chromosome 
morphology in at least some of them, though the presence of supernumerary con- 
strictions in the chromosome is a constant feature of all the strains studied so far. 
The karyotjrpe of the strains fourteen, twenty and twenty-four were found to be 
identical with each other, whereas the other three strains, viz. one, nine and thirteen, 
showed differences in chromosome morphology among themselves as well as from the 
common karyotype of the strains fourteen, twenty and twenty- four (Fig. 11). The 
complements in all of them are characterized by having fairly long chromosomes, 
the size difference between themselves being not very marked. The lengths of the 
’ chromosomes were found to vary from 10*6/x to 8*3fA. 


♦ IP = Old Pusa or Imperial Pusa, 
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I. Karyotype of the strains IP: 14, IP: 20 and IP: 24 
(Figs. /, 2y 3 and 11) 

The seven i)air8 of chromosomes could be classified into five distinct types which 
are as follows (lengths of the chromosomes vary from 10-5fA to 9*8ft) : 



Figs. I to 10 — Somatic inotaphaeo plates of the strains 
IP — 14, 20, 24, 1,9, 13 and meiotic stages of 
IP — 24 respectively. 

Fio. 1 1 — Karyotyi^os of the strains 

IP — 1, 9, 13, 14, 20 and 24 ro8i:)OctivoIy. 

Chromosomes imih secondary constrictions : 

(1) A pair of long chromosomes with nearly submedian primary constrictions 

and a satellite at the long arm. In the short arm, however, one 
median secondary constriction and a satellite at the end are also 
present, thus making the total number of constrictions, excluding the 
primary one, present in the pair as six (AA). 

(2) A pair of medium sized chromosomes, with nearly submedian primary 

constrictions and a secondary constriction very near the primary one, 
located on the shorter arm (BB). 

(3) A pair of medium sized chromosomes with nearly submedian primary 

constrictions and a satellite at the end of the short arm (CC). 

The total number of constrictions, excluding the primary ones, located in these 
three pairs is, therefore, ten. 
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Chromosomes not imth secoruhiry constrictions : 

(4) Three pairs of medium sized chromosomes with median primary con- 

strictions (DD, EE, ¥F), 

(5) One pair of mtxlium sized chromosomes with submodian primary con- 

strictions (GG). 

IT. Karyotype of the strain IP : 1 (Figs, 4 and 11) 

The karyotype of this strain may bo classified into the following distinct types 
(lengths of the chromosomes vary from 9*4/x to S II/a) : 

Chromosomes with secondary comtrictions : 

(1) A pair of long clirornosomes with nearly subrnedian primary constrictions 

and a satellite at the end of the long arm. In tlu' short arm, a median 
secondary constriction and a satellite at the end are also j)r('sont, thus 
making the total number of constrictions, excluding the primary one, 
present in the pair as six (AA). 

(2) A })air of medium sized chromosomes, each with a submedian primary 

constriction and a secondary constriction very near the primary one 
towards the shorter arm. A satellite is also present at the end of the 
long arm, thus making tlie total number of constrictions, excluding 
the primary one, j)r(‘sent in the pair as four (HjEj). 

(3) Two pairs of medium sized chromosomes, each with a submedian primary 

constriction and a satellite at the end of the short arm (CC, Cfii), 

The total number of constrictions excluding the primary ones present in these 
four pairs is, therefore, fourteen. 

Chromosomes not with secondary constrictions : 

(4) Two pairs of medium sized chromosomes with nearly median primary 

constrictions (EE, FF). 

(5) A pair of medium Hize<l chromosomes with nearly subrnedian primary 

constrictions (GG). 

III. Karyotype of the. strain IP: 0 (Figs, 5 and 11) 

The karyotype of this strain may bo classified into the following distinct types 
(lengths of the chromosomes vary from 9-8/x to 8'6/x) : 

Chromosomes with secondary constrictions : 

(1) A pair of long chromosomes, each with a subrnedian })rimary constric- 

tion and a satellite at the end of the long arm. The short arm is 
provided with a median secondary constriction and a satellite at the 
end, thus making the total number of constrictions, excluding the 
primary ones, present in the pair as six (AA). 

(2) Two pairs of medium sized chromosomes, each with nearly submedian 

primary constriction, a secondary constriction very near the primary 
one towards the short arm, and a satellite at the end of the long arm. 
The total number of constrictions, excluding the primary ones, present 
in these two pairs is, therefore, eight (BiBi, B 2 B 2 ). 

(3) A pair of medium sized chromosomes, each with nearly submedian 

primary constriction and a satellite at the end of the short arm (CC). 
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The total number of constrictions, excluding the primary ones, present in these 
four pairs is theref >re, Hixtet‘n. 

(!hromoHow,es not with secondary constrictions : 

(i) Three pairs of medium sized chromosomes with nearly median primary 
const rictions (1)1), EE, FF). 

IV. Karyotype of the strain IP : 13 (Figs. 6 and 11) 

Th(^ kary(»iv()e of this strain can be c^lassilied into the following distinct types 
(lengths of the chromosomes vary from 9‘4/x to 8-9/x): 


('hrowmovies uitb secondary constrictions : 

(J) A jwiir of long chronuxsomes, each with snbmedian primary constriction 
and a satellite at the end of the long arm. The short arm also 
po.ss(‘sscH a median secondary (jonstriction, and a satellite at the end, 
thus making the total number of constrictions, excluding th(^ primary 
omes, present in the pair as six (AA). 

(2) A pair of mediiirn sized chromosomes, each with submedian primary 

constriction and a satellite at the end of the short arm (CC). 

The total number of constrictions, excluding the primary ones, located in these 
two pairs is, thendorc, eight. 

(Jhronwsomes not with secondary constrictions : 

(3) Three pair.s of medium sized chromosomes with nearly median primary 

constrictions (I)L), EE, FF). 

(4) Two pair.s of medium sized chromosomes with nearly submedian primary 

const riet ions (tJO, CiGj). 

All these strains showed the presence of a high number of nucleoli, and as many 
as ten in eas(' of strain IF: 9, in the telophase stage of root tip cells, showing that all 
the constrictions, (‘xcluding the primary ones, are probably nucleolar in nature. 
This aspect of study involving chromosome-nucleolus relationship has not, how'over, 
been carried out yet. Jn any case, the nature of these constrictions, whether 
nucleolar or nori-niicleolar, is yet to be ascertained. 

Meiosis 

Mei()ti(5 behaviour of chromosomes so far studied proved to be more or less 
similar in nature in all the strains examined, being fairly regular in nature. During 
diploteno stages, both interstitial and terminal chiasmatfi were observed and homo- 
logous ehromosome.s lu‘ld together at three chiasma points were also not of very 
infrequent occiirrenee (Fig. 7). Open })ivalents in contrast to closed ones were 
observed to be v(‘ry few in number. A study of the chiasma frequency and termina- 
lization coefficient in all the strains is expected to yield significant data. Distinct 
seven bivalents w'ere clearly observed during diakinesis as w'ell as metaphase stages 
of first meiotic division (Fig. 8). Anaphasic segregation though was found to bo 
more or less normal (Fig. 9), rare occurrence of inversion bridges resulting in a 
dicentric chromosome and a fragment were noted in the strains IP: 1, IP: 9 and* 
IP: 14. No case of lagging or non-disjunction could be encountered in any of them. 

In the second division, too, the chromosomes were found to behave in a fairly 
regular manner. Clear seven and seven chromosomes could be counted in the two 
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spindles of the second meiotic metaphase (Fig. 10). Their segregation, too, was 
found to bo normal, resulting in the regiilar formation of tetrads. Counts of 
morphologically abortive pollen grains showed the sterility to be 2-3%, 

Difference in karyotypes of the strains sUvdied : 

It is clear from the above that the karyotypes of these different strains, 
although similar in the gross morphology of the chromosomes, differ in minute 
structural details from one anotlier, particularly with respect to chromosomes with 
secondary constrictions. It has already been pointed out that the number of 
secondary constrictions in case of the strains IP: 14, IP: 20 and IP: 24 is ten, in 
IP: 1 fourteen, in IP: 9 sixteen and in IP: 13 eight. 

For the sake of convenience in comparison, the chromosome types A, B, C, D, 
E, F and G of the strains IP: 14, IP: 20 and IP: 24 have been taken to be the stand- 
ard ones and the chromosome types of the other strains in relation to their difference 
with these standard ones have been discussed below (Fig. 11). 

The type ‘A’ with three secondary constrictions is present in all the strains 
studied. 

The type ‘B* with one secondary constriction is absent in the strain IP: 13, 
where it has been replaced by a chromosome pair with submedian primary con- 
strictions GiGi similar to the tyj)e G. In the strains IP: 1 and IP: 8, it has been 
replaced by Bj type, a pair of chromosomes having morphology more or loss similar 
to the type B, but differing in having an extra constriction at the end of the long 
arm. 

The type '(V with one secondary constriction is present in all the strains 
studied. 

The D, E and F pairs of chromosomes belonging to one type are present in the 
strains studied, excepting the strain IP: 1, where one of the pairs, say, for instance, 
D, is replaced by G pair type, a pair of chromosomes having morphology similar to 
the type G, with submedian primary constriction and having a satellite at the end 
of the short arm. 

The ‘G’ type of chromosomes is present in all the strains studied, excepting the 
strain IP: 9, where it has been replaced by B 2 type, a pair of chromosomes having 
morphology similar to the type Bx, with submedian primary constriction, a 
secondary constriction very near the primary one towards the shorter arm and a 
satellite at the end of the long arm. 


Discussion 

The chromosome counts of different species of Hordeum^ as reported by 
previous authors, show a basic number of seven. Different polyploid species have 
been found, both in nature as well as in cultivated forms. Chin’s (1941) observa- 
tion on the meiotic behaviour of different species of the genus shows that both auto- 
and allopolyploidy have played an important role in the evolutionary process of 
these species. Tetraploid forms of H. spontanum Koch., H. jubatum L., H. gua- 
sonaejxnum Pari., and H, murinum L., as studied by him, showed regular occurrence 
of bivalents during meiosis, indicating their possible allopolyploid nature. On the 
other hand, frequent formation of multivalents in the tetraploid form of H. buJbosum 
L. suggests its origin, possibly through autopolyploidy. 

Lewitsky (1931) reported that all cultivated diploid species of Hordeum possess 
two pairs of chromosomes with satellites. Chin (1941) also corroborated his observa- 
tion. The occurrence of one pair of satellited chromosomes in the wild diploid, and 
two pairs in the wild tetraploids, and the presence of two pairs of satellited chromo- 
somes in the cultivated diploids, led the latter author to suggest that the 
phylogenetic relationship between the wild and cultivated species might not be 
close. Such a suggestion, however, in the light of our present-day knowledge of 
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cytogeneticB seeriiH tk> longer tenable. The fact has now become well established 
that, apart from polyploidy, there are other ways by means of which an increase in 
the number of nucleoli and satellites in a 8[>ecies may take place. 

Oinuina (1962) has recently shown that cultivated barleys are derived from wild 
ones and the structural changes in the chromosomes involved have also been worked 
out. a largo amount of literature (Bhaduri, 1942a) has accumulated in the 

last f(?w years showing that interchanges involving nucleolar and non-nucleolar 
ehrornosonu^s may result in an increase in the mmiber of constrictions and nucleoli 
of a Hfiocies. Recent works of Bhaduri and Bose (1947) on different members of the 
bimily Cucurhikiccae and of Chakravarty (1948) on difercnt species and genera of 
Scilamineae have? brought about important evidences in support of the ffict that 
fragiiuaitatioii of c hromosomes also {)lays an important r(")le in bringing about a 
high number of nucleoli and satellites of the living nuclei. All these recently ac- 
cumulated data suggest that the earlier assumption of Chin, regarding the 
phylogenetic relationship between the wild and cultivated species of Hordeum^ may 
not necessarily be valid. 

In the, present investigation, although in one of the strains, viz. IP: 13, two 
pairs of (*hrom()S()mes with secondary constrictions have been notol, additional 
Hupi^rnumerary constrictions are present, making the totjil number of seeondar3^ 
eonstrictiofis and satellites to be eight. In the strain IP: 9, number of constrictions 
excluding tlut ])rimarv oru‘8 are sixt<?(‘n, present in four pairs of chromosomes. In 
the strain II*: 1, fourteen s(‘Coudary (U)nsirietions and satellites are distributed in 
three pairs of (ilLromosoim^s. In tlie other strains, ten constrictions are distributed 
in thr(H.i pairs of chromosomes. It is, th(TCfore, apparent that the number of second- 
ary constri(‘iions and s<it(‘llit(^s, present in seven pairs of chromosomes in diploid 
species <;f llordi urn, is rnucli higher than that noted by previous workers. The 
possibility of all these constrictions being nucleolar in nature is not precluded, 
because of the presence of a high number of nucleoli, as many as ten, in the somatic 
cells of at least one of the strains. In any case, this aspect of study, which has not 
been dealt with, is yet to be done. 

Kxaminatiou ol wild varieties of barley as done to some extent by Oinuma 
(1952), employing critical teehni(iUo from which the cultivated strains have evolved, 
may reveal whether thest^ liigh numbers of constrictions were originally present in the 
wild (complement or tluur evolutu)!! has tak(Mi phu^e through structural changes of 
chromosome. A thorough search in this direction is highly desirable. 

As has be(‘n point(>d out in the text, delinite evidences have been obtained to 
show that many ot the strains of cultivated barley differ from each other with 
respect to their karyotypes. It is not unlikely that structiu*al interchanges are 
directly responsible for the different karyotypes amongst the different cultivated 
strains which difler fioin each other in minor morphological characters only. It is 
interesting to note that Oinuma (1952) has obtained intervarietal hybrids in which 
the presence of interchanges or rings in meiosis has been detc^cted. 

The absence of any ring formation and t!ie occurrence of regular bivalents 
during meiosis in these strains are probably due to their homozygous and stable 
nature produced as a result of continuous cultivation and judicial selection. Rare 
occun*cnco of inversion bridges, too, points towards the possibility of structural 
cluuiges of chromosomes playing an important part in the evolution of these strains. 
In other strains, where such bridges have not been encountered, it is not at all un- 
likely that the absence of bridges is not due to the absence of any inverted segment 
in the cliromosome, but due to the homozygous nature of the strain concerned, 
where such inversions are present in both the homologues. 

If the above conclusion is correct, then the occurrence of rings of chromosome* 
instead of regular formation of bivalents during meiosis, is expected in 
intervarioUil hybrids of JJ. inilgare L., where the homologous segments in otherwise 
non-homologous chromosomes will have the chance to meet each other. The 
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report of Oinuma (1952) already mentioned is noteworthy in this regard. Once 
this theory is established, extensive hybridization of different strains of Hordeum 
wlgare would provide good materials for the study of identification and classifica- 
tion of chromosome .ends of barley as has been done in case of Datura by Bergner 
et al. (1933), Zea by McCHntock (1934), TradescarUia and Rhoeo by Bhaduri (1942a, 
19426). It is worth noting that Hagberg and Tjio (1960) have recently succeeded 
in getting artificial mutants of barley showing translocations. 
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Summary 

1. A karyotype analysis of six different strains of barley, raised in the Indian Agricultural 
Research Institute, New Delhi, has been carried out. It has been shown that all the strains, 
though having the same number of chromosomes, i.o. fourteen, more or loss similar in gross 
morphology, differ with respect to the number of nucleolar constrictions present in the com- 
plement, 

2. It has been found that the presence of a high nnmlxir of supernumerary constrictions 
in the chromosome complement is a constant featui’o of all the strains studied. A high number 
of nucleoli has been observed in root tip cells of some of the strains. This is in strong contradic- 
tion with the report of earlier workers who reported only two pairs of satellited chromosomes in 
the cultivated diploid species of H, vulgare L. All these details in chromosome morphology 
could only be brought about by the application of special technique, viz. platinio chloride and 
fonnalin mixture with an increased proportion of formalin as the lixing fluid and a prefixation 
treatment in colchicine solution. 

3. Meiotic behaviour of all the strains studied showed more or less regular behaviour 
excepting the rare occurrence of inversion bridges in some of the strains. 

4. It has been suggested that a critical investigation with the application of the improvefl 
technique, as adopted here, should Ix) made of the wild diploid species of Hordeum to fmd out 
whether these high number of constrictions were present in the original diploid set or the evolu- 
tion has taken place through structural intorchanges from the original set. 

5. The regular behaviour during meiosis has been claimed to be due to their stable 
homozygous nature, produced os a result of continuous cultivation and judicial selection. In 
view of the fact that formation of rings during meiosis are expected in intervarietal hybrids 
where homologous segments in otherwise non -homologous chromosomes would get the chance of 
meeting each other, it has been suggested that oxt-onsivo hybridization of different varieties of 
H, vulgare L. is necessary to have good materials for the study of classification and identification 
of chromosome ends in barley. 
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Introduction 

His (1893) discovered and described a muscular bundle connecting the atrial 
and ventricular septa in the adult mouse, new-born dog, and new-born and adult 
man. Keith and Flack (1900), Kistin (1949) and Prakash (1954a) have pointed 
out that the bundle of His is the only tissue to connect the atria and the ventricles 
of the heart of mammals. Kent (1893) studied the heart of a largo number of 
mammals but could not find any specific bundle to connect the atria and the 
ventricles. He stated that in mammals like all other vertebrates multii)lo muscular 
connexions exist to transmit the atrial wave of contraction to the ventricles. 
Davies (1930) believes that, correlated with the rapid rate of heart beat, birds possess 
the bundle of His as well as the multiple muscular connexions of Kent for a quick 
transmission of the cardiac stimulus of contraction from atria to ventricles. 
Prakash (1954d) holds the view that, if any atrioventricular connexion in addition 
to the bundle of His would be present in mammals, premature excitation of the 
ventricle would occur giving rise to Wolif-Parkinson- White syndrome. 

Regarding the phylogeny of the conducting system of the heart of vertebrates, 
Davies (1930) believed that the atrioventricular conducting tissue of the bird’s 
heart presents an arrangement which is intermediate in nature between that of fish 
and reptile on one hand and that of mammal on the other. However, Davies, 
Francis and King (1952) were unable to find any 8X>ecialized tissue in the crocodilian 
heart and therefore they believe that the impulse initiating and conducting tissue 
of the heart of birds and mammals is neomorphic in nature. Prakasli (1953, 1954a, 
b, c, d) upholds the view that the specialized conducting system of the heart of 
birds and mammals is not a neomorphic development but is a further specialization 
of a similar system which is present in the heart of lower vertebrates. 

Having observed special impulse initiating and conducting structures in the 
heart of fishes and amphibians (Prakash, 1953, 19546, c), the object of the present 
study was to find out if the reptilian heart also possessed these structures or not. 
With this aim in view, in the present investigation the heart of the banded krait, 
Bungarus fasciatua, has been chosen and studied with special reference to its atrio- 
ventricular connecting tissue. 

Material and Methods 

About a dozen eggs of B, faaciatus were collected from the area adjoining the 
smaU lake of Bhopal. After breaking the mature eggs, young ones of kraits were 
I'emoved and dissected to take out the hearts in beating condition. The hearts 
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were immediately fixed in Bonin’s picroformol. As usual serial sections, six micra 
thick, were cut o^T paraffin embedded blocks, and stained in acid fuchsin. 

Observation 

The two atria almost of equal size communicate with a single ventricle. A 
spherical Ixxly composed of fine narrow interlaced muscle fibres htis been observed 
in the si^rial sections of the heart at the atrioventricular junction (Figs. 1, 2). This 
body lies as an isolated bundle and is quite distinct from the tissue present all round 
it. The cells of the bundle, as well as the fine narrow muscle fibres which form 
those cells, take a deep stain indicating the specialized nature of the bundle. A 
definite Hhaf>e has been assumed by this bundle, because of the presence of a compact 
layer of fibres all round it (Fig. 3). An examination of the sections passing through 
this bundle, under Rtnehert’s Fibroscope, has revealed that the fibres from the left 
atrium enter into the i ranial portion of the bundle, while the ventricular fibres are 
continuous with the muscle component present in the caudal part of the bundle. 
The fibres of the bundle resemble on one hand those of the atria and on the other 
those of the ventricle. The structure and disposition of the bundle, and the fact 
that the atria and the ventricle are connected with each other only through this 
bundle, warrant its identification as the atrioventricular bundle. 



1. Diagram to show tho position of the atrioventricular hfundle in Bunganu /(uciaiue. 
x 600 . 



Pkakasii. 
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fdM'idlu.s. aOII. 
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Fig. 2. Diagrum to hIiow tho atriovontricular bundle at the junction of the loft atrium and the 
vontriclo of Bungarus fuacvatus, X 600. 


A continuity between the atrial and ventricular muscular fibres through tho 
muscle component of the atrioventricular bundle, and the fact that this bundle is 
the only tissue to connect atria and ventricle show that the muscle tissue forms an 
integral part of tho impulse conducting system of the heart of the kraits. 


Discussion 

In the heart of the banded krait, B, fasciatusj an atrioventricular bundle, 
resembling the atrioventricular plug of fishes and amphibians (Prakash, 1953, 
1954c) and the bundle of His of birds and mammals, is also present. It connects 
the left atrium with tho ventricle for the propagation of the cardiac rhythm of 
contraction. There is, therefore, no other connexion between the atria and the 
ventricles than that through the atrioventricular bundle which passes on the atrial 
stimulus of contraction to the ventricle. As this bundle is formed of special muscle 
fibres, it is to be inferred that the impulse conduction is carried out by the muscle 
tissue. The myogenic theory of cardiac conduction, therefore, holfis good also in 
reptiles as in other vertebrates (Prakash, 1964; Davies and Francis, 1946). 
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Fiobb (1953) observecl * Purkinje-like ’ specialized tissue in the heart of the 
turtle, Pseudonym^ elegans. Mori (1955), in his paper on the atrioventricular 
system of the crocodile heart, stated that, ‘the connecting system in the inter- 
ventricular septum in crocodile heart is the precursor of the principal connecting 
system of bird and the conducting system of mammalia’. Prakash (1953, 1954c) 
has also observed that nn atrioventricular plug which is a bundle of closely woven 
fibres is present in the heart of the fish, UelerapnpAiste^^i foKHsilis, and in the tadpoles 
of tljc frog, liana tigrina, to transmit the contraction impulse from the atria to the 
ventricle. The study reveals that in the heart of B. fasciahis a similar 

atri(^ventrieular bundle is also pn‘sent to conduct the stimulus of contraction from 
the atria tf» the ventricle. From the above it is concluded that the p>hig of fishes 
and amphibians and the atrioventricular bundle of reptiles resemble in structure, 
and presumably in function also, the atrioventricular bundle of birds and mammals. 


Summary 

In ttjn hourt of tlu' banciod krait, Bun^ariis fascintuSy an atriovoul ricular bundlo is present 
to eonduet the stirnuhis t)f contraetion from the atria to tiio ventricle. Furthermore, it is 
ol)serv(Mj that the atrioventricular bundle of the heart of knot n^seiubles in structure and 
presumably in function also (he atrioventricular plug of the heart of lishos and amphibians and 
t he bundle of Ifis of tlie heart of binls and mammals. 
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Introduction 

The Indian fresh-water eel, Anguilla hengalensis, is widely distributed in the 
Indian sub-continent, though it is ‘much rarer on the hills than in the plains* (Day, 
1878). Though eels are generally acclaimed as very important food fish in many 
of the European and in certain Asian countries, they are seldom eaten in India 
except by the poorer classes. However, in certain parts of South India, the eels 
are relished and fetch a much better price than carps. 

Though extensive researches have been conducted on various aspects of the 
biology of the eel in the European countries, practically no work has been done on 
any of the Indian species (viz. A, bengalenais and A, bicolor), except for certain 
observations of a preliminary nature by Rahimullah et al. (1944). Schmidt (1932) 
recorded the occurrence of leptocephali of A, bengalensis, in the Mantewi Deep, 
west of Sumatra. 

The present account is based on the study of over 3,500 specimens of this fish 
(ranging from 40-700 mm.). Most of the specimens were collected from an escape 
channel of the Calcutta Waterworks at Pulta near Barrackpore, which is situated 
at a distance of nearly 100 miles from the mouth of the River Hooghly. The escape 
channel maintains its comiection with the river all the year round and gets flooded 
with river water during high tides. The eels were generally collected with the help 
of small-meshed drag nets, but many of the bigger specimens were caught by hand 
from holes and crevices under the banks. Regular fortnightly collections were 
made commencing from January, 1952 to March, 1953, 

To ascertain the period of immigration of newly metamorphosed leptocephali 
(glass eels), data were collected on their seasonal occurrence in the Hooghly estuary, 
by making regular weekly collections from two Bhinjals (bag nets with close meshed 
cod ends) throughout the year 1952. 

Regular tow-net collections made in the coastal waters of the Burhabulong 
estuary at Chandipore (Orissa) to obtain leptocephali of A, bengalensis proved 
futile, though larvae of various other genera of Apodes, viz. Muraenids, Muraenesocids 
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and Ophicfithyid,Hj were obtained (Jones and Pantulu, 1952 and 1955; Pantulu and 
•fones, 1954). 

I.HNOTH-WEIOHT RELATIONSinP AND CONDITION PaCTOR 

d’lu* Irn^iMi-vveight relationnhip of specimens of Anguilla bengahnsis ranging 
IVorri 50 500 rnrn. ill total length was studied. Since the sexes were not apparent 
in the s[MH l»n(*nB they were not considered separately. All specimens less than 
110 rrun. in k-ngth were weighed to the nearest milligramme in a physical balance, 
and abrive that length were weighed to the nearest J gramme in a trip-type 

ol |><»n haInrK c. tneari weight of each 5 mm. length intt^rval was calculated 

.'ind its log wiiH plotte<l against the log. of the mid point of the length interval. 
I'hc rfgr(‘Ssion was found to be a .straight line (Text-fig. 1). 



LOG* LENGTH 

Tkxt-fio. 1. Logarithmic relation of weight and length of AnguiUa bengalemis. 
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An analysis of the length -weight data showed a very high correlation (r == 
U 91709) and an analysis of variance also indicated that the regression was highly 
significant. 

Length- weight relationship of the fisli was determined from the general formula 
W = CL*, in its logarithmic form, viz. log. W ~ log. log. L (where 11' — 
weight in grams; L = length in mm. and c and n are constants). Values of c and 
n were calculated to be as under : — 


n = 3 20265 mid log. c = 2 75739 



J ^ J..- i"'-' y 

its ifi v)0(AOtl^o«^>o 

LENGTH IN mm. 

Tbxt-jtio. 2. Mean ‘K’ at different lengths of i4. 
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The length'Weight relationship of the species may be expressed by the formula 
W = 0*057199 X 10-^ x/>202«6 

Condition factor . — The condition factor K was calculated from the formula 

where K is the condit ion factor, W is the weight in grammes and L is the lengt^h in 
niillirnetrcs. 

K vfilues were calculated separately for each 5 mm. length group of eels collected 
(luring the whole year and for all length groups combined for the different months 
of the year. The values arc delineated in Text-figs. 2 and 3. 

From Text-fig. 2 it appears that K increases with the increase in length of fish 
from 50-165 mm. Then? are sudden, marked falls in the values at about 170, 195 
and 255 mm. The reasons for tliese inflexions are rather obscure, considering that 
at these lengths there is neither indication of transition from one stage in the life 
history to another (such as yellow to silver eels), nor evidence of increased metabolic 
strain. It is, howev(‘r, interesting to note that the mean lengths offish having one 
and two rings on the scales (inde page 274) arc 183-56 and 249-50 mm. respectively. 
Therefore tlie inflexions at the first and last points (i.e. 170 and 255 mm.) may 
probably be attributed to the metabolic strain whicli leads to the formation of rings 
on sc^ales. 

No dcrmit(‘ trcuul (‘ould be observed in the K values for different months of the 
year exc('pt t hat, in geiieral, the fish luiptured in the latter half of the year appear to 
have a higher condition factor than those* obtained in the earlier half (Text-fig. 3). 
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Tkxt-fio, 3. The monthly iiuctuationa in the ‘K’ values of A. hengalensis* 
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Food and Feeding Habits 

The results of the study on the food habits as revealed by the analysis of gut 
contents of nearly 450 specimens ranging between 140~>660 mm. (collected during 
various months of the year 1952) are discussed below. As it is generally l)elieved 
that eels feed during night, the specimens were collected during the early hours of 
the morning. 

The volumes of the different food items were determined by displacement 
method correct to the nearest 0 05 c.c. Food organisms were identified up to species 
wherever possible or only up to groups where, due to their being partially digested, 
further identification was rendered impossible. 

The principal groups of food organisms found were: annelids, crustaceans, 
fish, insects and macro- and microphytes. Other items which were found only 
rarely, and the consumption of which was regarded as accidental, were listed under 
miscellaneous organisnis. A detailed list of the organisms encountered among the 
gut contents is given in Appendix I. 

Considering the volume of individual groups of food organisms, in proportion 
to the total volume of food consumed during the entire period (i.e. Jan.~Dec., 1952), 
it was found that fish predominated as a single item of food, accounting for 40*34%; 
crabs ranking second accounted for 26()4% and prawns 20*69%. The relative 
predominance of the rest of the organisms, viz. insects, megalopa larvae of crabs, 
macro- and microphytes, annelids and miscellaneous items accounting for 4*24%; 
2-92%; 2-26%, 2*01% and 1*53% respectivel^s was comparatively negligible. 

Judged also by the frequency of occurrence of various organisms in the total 
number of stomachs examined {vide Table I), fish formed the most important item 
of diet, prawns ranking as a close second and megalopa larvae, third. 


Table I 

Frequency oj occurrence (in percentage) of various food organisms present in the stomach 

contents 


Fish 

Prawns 

Megalopa larvae 
Crabs 

Macro- and microphytes 
Insects 

Miscellaneous . , 
Annelids 


2 , 3*55 

22*83 

14*86 

14*50 

6*88 

6*88 

5*43 

5*07 


Fish, as already mentioned, form the principal food of the eel and occur among 
the stomach contents almost throughout the year, excepting in the months of March 
and August. They are most predominant in January, April and October. Fry 
and fingerlings of important species like llilsa ilisha, Setipinna phasa, Pama pama, 
etc., are found to have been consumed by the eel. Anguilla is believed to have 
cannibalistic tendencies, but in the present investigation it was observed that 
though large numbers of small elvers abound in the environment all the year round, 
and particularly during January and February, only in two cases elvers were found 
among the stomach contents. 

Prawns and crabs ranked next to fiish in importance as food of eels. Prawns 
were particularly predominant in the stomach contents in the months of May, June 
and July, whereas crabs were more common during February, March and 
•September. 

Megalopa larvae were consumed in large numbers during the month of August 
when enormous numbers of these larvae occur in the river; 78% of the fisji ^xapiine4 
in the month were found to have fed only on these organisms. 
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Text-fio. 4. ffistogn^s showing tho monthly variations in the percentage composition of 
the different items of food eaten by A, bengolenaia, during different months. 


• Among the insects found in the gut contents, in addition to aquatic larvae 
of Coleoptera, Trichoptera and Diptera, were several terrestrial insects like Oryllo- 
tcupa^ de-elated termites and ants, which were probably captured when they were 
accidentally washed into the current. 
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Among micro- and macrophytes found in the stomachs, were green algae, 
blades of grass, ror^ts and scieds of plants and aquatic weeds, but the quantity of 
these items, and the frequency of their occurrence in the guts, were negligible. 
Fresh-water oligochaetes formed the bulk of the annelids consumexl by the eel. 
Most of these organisms were found in a fairly advancefi state of digestion, rendering 
theur generic or s|>ec5ific identification impossible. In addition to the above, centi- 
pedes and spiders were also found, though rarely, among the stomach contents. 
Pebbles and sand also occurred in the stomachs. The occurrence of a wide variety 
of organisms, including those foreign to an aquatic habitat, shows a predominantly 
omnivorous feeding habit. 


Immigration of Elvers into Estuaries 

Newly metamorphosed elvers, which are termed 'glass eels', are transparent, 
and totally unpigmented. Their lengths range between 40 and 58 mm. with a 
mean length of 50 9 mm. 

From the analysis of data relating to the cat()h of glass eels, it w'as observed 
that they occurred in the estuary only during the period October to March. 
During the months October, NovemlKT, December and Mandi, fewer specimens 
were obtained than (hiring January and February (vide Table III). This indicates 
that immigration of (fivers into t)ie estuary after metamorphosis takes place during 
the (‘older months of the year, commencing from October and continuing till the 
end of Manfii following, tlu^ p(‘ak period of immigration being January and February. 

'Faulk III 

Occurrence of ccIm in the Hooghhf eMtiarg 


Montli 


Average nurabor of 
elvers obtained 
per not 


Length range in 
mrn. 


JanuHry, 1952 
February, 1952 
March, 1952 
April, 1952 
May, 1952 
Juno, 1952 
July, 1952 
August, 1952 
September, 1952 
Oetolwr, 1952 
November, 1952 
Deeemlx'r, 1952 


64 

SO 

^20 


50-58 

47- 57 

48- 51 


16 

8 

4 


47- 51 

48- 50 
40-50 


Corroborative evidence for the above observations was obtained, from the 
occurrence of glass eels, in the regular fortnightly collections made from the escape 
channel at Barrackpore, where also glass eels were available only during the months 
October to March. 

It is interesting to note that in the case of elvers of European eels also ‘invasion 
(into estuaries) begins in November or December and reaches its height in January, 
February and March* and the tiny fry measure ‘on an average two to three inchei? 
in lenfdh* (Roule, 1933). Gemzoe (1908) states that the ‘date of immigration falls 
in spring and may with approximate accuracy be placed at May 1*. Petersen 
(1894) observed that small eels, about 70 mm. in length, wander into fresh waters 



FRBSH-WATKR BEL, AXGVILLA BENGALENSrS GRAY 


267 


of Denraark in large numbers, in spring and early summer, and he places the time 
of early immigration in the months March to June. Johansen, os quoted by 
Gemzoe {op, cU,), concludes that gloss eels obouinl in watercourses in spring (March 
and April) and have lengths of 70 to 72 mm. 

Age and Growth 

(a) Growth of elvers duriyix] the first year of their life in fresh water 

To ascertain the growth of elvers during the first year of their life in inland 
waters, regular fortnightly collections wore made from January, 1952 to January, 
1953 (vide page 259). Figures for the month of December, 1952, were left out of 
reckoning, since the sample was considered inadequate. In Text-fig. 5 are given 
the smoothed length frequency curvcis for the various months which, except in a 
few cases, are found to bo unimodal. In January, 1952, the mode is seen to be at 
53 0 mm., while in February the mode is at G2*0 mm. On the reasonable assump- 
tion that the population has been the same throughout, the progression of the mode 
by 9*0 mm. is considered to indicate the growth during the month. In February, 
however, there is another small mode at 98*0 mm., which probably represents the 
size group of the individuals which migrated into the estuary earlier in the season 
(i.e. since October, 1951). In March, this second peak is no longer visible, but 
another peak, representing individuals smaller than the main February modal size, 
is discernible, due obviously to the presence of smaller size groups as a result of 
continued recruitment. The modes in May and June are in the same positions 
and the absence of any difference in the modal values of these two months may be 
attributed to the fact that in samples collected in May there is a predominance of 
specimens collected in the second fort^night, whereas in June samples the catches 
of the first fortnight were dominant. A similar condition is seen in the modal 
values for September and October which coincide, though the reasons for the non- 
progression of the mode in this case are obscure, with the number of specimens in 
the samples collected during different fortnights of the two months being nearly 
the same. The modal values in different months of the year and growth from 
month to month are given in Table IV. 

Table IV 

Growth in length of the elvers of A. bengalensin durmg the first year of their life 

in inland waters 


Month 

Size range 
in mra. 

N 

Modal 

values 

Increment in 
length 
in mm. 

January, 1952 . . 

47- 65 

46 

53 


February, 1952 

60-113 

134 

62 

9 

March, 1952 

47-104 

271 

74 

12 

April, 1952 

66-116 

192 

83 

9 

May, 1952 

59-119 

691 

92 

9 

June, 1952 

65-128 

615 

92 


July, 1952 

77-146 

358 

101 

9 

August, 1962 

80-173 

643 

107 

6 

September, 1962 

86-164 

201 

116 

9 

October, 1962 . . 

101-161 

40 

116 


November, 1952 

91-181 

46 

126 

io 

December, 1962 


, , 

• \ 

, , 

January, 1953 . . 

121-171 

34 

1513 

25 
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LENGTH IN m.m. 

rioxT-Fio. 5. Length froquonoy f^iirvea of elvers of A, hengaleiisis collected during different 

mouths, from the Hooghly estuary. 

As shown in the above table, the elvers attain a length of about 151 0 mm., or 
regi.ster a growth of about 98*0 mm. at the end of the first year after immigration 
into estuaries. 

Having eolleeted a large number of elvers of A, bengalemis about 6 inches 
(152*0 mm.) long at Nizamsagar dam, Rahimullah et al, (1944) stated, ‘we are of the 
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opinion that most probably it (A . henigahnsia) breecls in fresh water and has left the 
habit of going to the sea'. Tliis opinion was based on the assumption that the 
elvers collected were too small and too young to travel a distance of 460 miles (from 
the sea to Nizamsagar dam), particularly after negotiating the anicuts at Bajah- 
mundry and Dummugudem, a precipitous ascent at Bhadrachalam and swift 
currents in the river in a rocky territory en route. From the present investigation 
it is clear that 6 inch elvers should be about a year old. On the roasoimbh' pre- 
sumption that immigration into the Go<lavari estuary takes place in the same 
months as into the Hooghly, the elvers collected in Nizamsagar in September, 1943 
(by Ralximullah and others) could be considered to have (commenced their journey 
upstream after metamorphosis some time early in 1942. Hence it. is not incredible 
that these elvers could have travelled a distance of 450 miles, in a period of over one 
year. Further, eels are known to negotiate obstacles of the type considered insur- 
mountable to them by Rahimullah et al. Cairns (1941) observed, ‘eels are capable 
of climbing vertical walls provided the surface is damp. The eels go up the highest 
and steepest water-falls in the country by travelling up the dixmp sides out of the 
main rush of water. During migrations they will travel across land in heavy rains 
or if grass is wet with dew In the light of the above facts and considering that no 
glass eels were obtained at Nizams^igar, it is felt that suflScient valid reasons are 
lacking to support the assumption of Rahimullah et al. {op, cit,) that the Indian eel 
might breed in fresh waters and thus behave differently from tJie European eels. 


(6) Scales as indicMive of age and growth of the adult eel 

Structure of sailes . — Scales of Anguilla bengalensis difier markedly in shape and 
texture from those of other teleostoan fishes, being flat arifl elongated -oval in shape. 
However, abnormal scales assuming a variety of shapes (viz. circular, dumb-bell and 
L and T shaped) are not uncommon, yeales lie embedded in the skin and 'are 
placed in individual sacs in the dermal tissue, with no connections with tlio epi- 
dermal covering’ (Waly, 1940). The arrangement of scales in the skin varii^s 
slightly, but generally the first row of scales immediately above and below the 
lateral line lie obliquely at an angle of about 46° to it, directed either forwards or 
backwards. In the subsequent rows above and below these, the scuiles lie, generally, 
at an angle of 90° to those in the preceding rows, the general effect being ‘some- 
what like parquet flooring’ (Frost, 1945) {vide Plate XXV, fig. e). 

Waly (op, cit.), after a detailed study of the scales of Anguilla vulgaris, has 
concluded that the scales comprise of concentric rows of 'oval, round or polygonal 
loculi, formed of closely applied fibres, with inter-communicating delicate threads, 
coursing from the external to the internal surface of the scales. These loculi are 
separated by their common walls. In bigger specimens the rows of loculi are 
arranged in concentric zones separated by narrow concentric bands of fibrous tissue’. 
In the scales of A. bengalensis also such a ZK)nation is clearly discernible {vide Plate 
XXV, figs, a, b and c). The number of zones in a scale increases generally in direct 
proportion to the size of the fish. The bands of fibrous tissue or growth rings lie 
more or less parallel to the margin of the scale and may either be complete, extx^nd- 
ing all round or incomplete appearing only as hoods or caps on the longitudinal 
axes of the scale. 

Size and age at which scale^^ are formed . — Divergent views have been expressed 
by various workers regarding the size and age at which scales first appear in eels. 
(Jemzoe (1908) has concluded that scales appear two years after the metamorphosis 
of the leptocephalus, while Ehrenbaum and Marukawa (1913) have shown, with 
respect to the European species, that size rather than age determines the appearance 
of scales. They and some others are of the opinion that scales begin to form be- 
tween the second and sixth (usually fourth) year of the life of the eel in fresh water. 
Petersen (1894) observed that, as a general rule, scales are completely formed in 
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eels when they are about 18 cm. in length- Waly (op. cU.) could not detect scales 
in A. vulgaris of 11 to 14 crn., but found them in specimens over 18 cm. in length. 
Frost (1945) stated that in A. anguilla scales are formed during the eeFs 2nd to 
6th year of life in fresh waters.* All the workers are of the view that scales first 
appear on e ither side of the lateral line in the anal region. 

In th(i present investigation, entire skins of elvers, ranging between 80 to 200 
mm. in length, were examined to ascertain the size at which scales form. Skins of 
elvers could 0 Am\y be peeled off from the underlying muscles after making an incision 
initially with a sharjj scalpel. An entire skin from each specimen examined was 
stained in 1% solution of alizarine red, after initial treatment with 2% solution 
of potassium hydroxide. The stained skin was cleared and examined in glycerine. 
Another specimen of skin from each of the specimens of the same length was first 
(*l(Nitied of the musclo and tissue fibres attached to its inner side by scraping gently 
with a sharp scolf)el and was then immersed in petrol for about 12 hours to dissolve 
a<lhering fat. Later the skin was bleached in a mixture of hydrogen peroxide, 
ammonia and distilled water, and was cleared and examined in glycerine. 

A microscopic examination of the skins so prepared revealed that in eels less 
than 110 inin, in hmgth there w^as no indication of scale formation. In bleached 
skins of eels 110 to 114 mm. long, oval areas having the general shape of scales 
w'(‘re clearly discernible, on either side of the lateral line in the caudal region, at a 
distance of about 1/5 the IkkIv length from the tip of the tail. In cels HO to 1 1 1 mm. 
lor^g tlicse oval areas are usually devoid of any loculi or platelets (Plate XXV, fig. /), 
w^hercas in s[MMMmens 1 12 to 114 mm. in length, loculi can be observed to be develop- 
ing on these oval areas, ddiese areas are obviously the basic fibrous tissues of the 
scales in which Uxaili are formed due to the deposition of particles of calcium salts. 
Fall 3 '-formed scales could be seen in some sjiecimens 112 mm. long. At this stage 
only one row of scales is present on either Bide of the lateral line in the caudal region, 
eommoncing at a point 25 2 mm. in advance of the tip of the caudal fin and extend- 
ing uf) to a distance of another 13*5 mm. anteriorly. 

The size of t he earliest scales (Plate XXV, fig. d) ranges from 0*24() to 0 330 mm. 
As the eel grows in length, the scale area extends simultaneously in all directions. 
Thus the number of rows of scales dorsal and ventral to the lateral line increases 
with the increase in length of the elver. An elver 122 mm. long has, generally, 
three rows of scales covering the area between 35 mm. and 11 89 mm. anterior to 
the tip of the caudal fin. A 205 mm. elver has usually scales covering its entire 
body. The appearance and extension of scales is diagrammatically represented in 
Text-fig. 0. 

From the above observations, it is evident that the view hitherto held, that in 
eels of the genus Anguilla scales first appear in the anal region, does not hold good 
in the ease of A. bengalensis. Though fully formed scales could be made out in 
some specrimens 112 mm. long, in certain cases no scales were found even in speci- 
mens 115 mm. long. But all the specimens examined over 116 mm. in length had 
w'ell-defined scales in the caudal region. Hence it may be concluded that in A. 
hengalensis the scales appear for the first time on the body when it is 112 to 116 
mrn. in length. Elvers of this length must have spent only six to seven months in 
fresh waters after metamorphosis {vide page 267). These findings are considerably 
different from those made on European eels. 

Rahimullah ei ah (op, cit.) could not detect any scales in skin scrapings of A. 
bengalensis 6 inches (about 152 ram.) long collected from Nizamsagar. They could 
find scales without annual rings only in specimens 11 inches (about 280 mm.) long. 
In specimens about 152 mm. long collected from the River Hooghly scales were 
fully formed in the caudal region nearly up to the vent. As the authors have not 

♦ The ago at which scales form was deduced by most of the workers cited above from the 
difference in readings between otoliths and scales. 




iSoaJos ol' Anfpiillfi bcnrjdLenxls—’ 

a. S(*al(^ Mljowinjz two rings. 

,, h. Soah? sliowing fiv(* rings. 

,, c. Scale showing or>e ring, 

,, (L, IMiotoinicrogriip)! of a skin preparation of a I I t nun. long <^lvex■ sinewing a fully formed earliest 

scal(; iti ,sifu. 

,, e, Plioloinicrograpli of a skin preparation of a 380 mm. long eel showing the arrangement of scales 
ill .situ. 

,, /. Photomicrograph of a skin fjroparation of a U1 mm. long elver showing the earliest scales (oval 

areas) prior to the formation of loculi. 
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122 MM 



H2 MM 

Text fio, 6. Appearance and extension of scales in the elvers of A. bengalensu. 


mentioned the part of body from where skin scrapings have been examined it would 
appear probable that their failure to detect scales in 6 iiu.hes long specimens was 
because they had not examined the skin in the region posterior to the vent. 

Orowth of scales and appearance of grmvth rings . — Gemzoe (op. ciL) has estab- 
lished that the zones on the scales of the European eel are annual in character. 
Observing the growth of the scale, he concluded that the larger loculi of the zone 
were lakl during the period of active growth, and that they be(^aino gradually 
smaller and smaller towards the edge, till finally they ceased to bo laid during the 
period of little or no growth. The absence of loculi at the edge of the zone caused 
the rest of the zone to be framed, as it were, in a ring of fibrous tissue. Gemzoe 
(op. cit.) and Ehrenbaum and Marukawa (1913) observed that growth of scales 
went on from the end of June to the end of August. Frost (1945) found scales 
showing new growths at their edges in Windermere eels, during July, August atid 
September, and concluded that the scale growth ended by October. She, however, 
found some difficulty in determining the growing edge and stated that information 
on that point was somewhat inconclusive. 

During the present investigation, new growing edges were observed generally 
all round the scale as transparent margins, being broader along the long axes and 
comparatively narrow along the transverse edges, thus conforming to the general 
shape of the scale. Sometimes these new growing edges appeared only as broad 
caps on the long axes of the scale. After the formation of those transparent 
edges, loculi began to appear on these, first faintly and later becoming more and 
more distinct. The appearance of loculi did not take place on the entire new grow- 
ing edge, but a narrow band of uncalcified fibrous tissue is left vacant, framing, as 
it were, the preceding zone of loculi. Hence in A . bengalensis the new ring is laid 
at the time of resumption of scale growth. 

Scales showing such new growing edges were found during all the months of 
the year, though their frequency varied from month to month. Further, the new 
growing edges did not appear on all the scales of the same fish at the same time. 
The maximum and minimum percentage of eels having scales with new growing 
edges (irrespective of the percentage of scales of individual specimens showing 
such growths) during various months of the year is 94-4 and 71 respectively (Text- 
fig. 7). During July, August and September the percentage of eels having scales 
with now growths, as well as the percentage of scales in individual eels bearing new 
growing edges, is significantly higher than during other months. The results of 
observations on the nature of scale margins during various months of the year are 
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dulinijatod in Text-fig. 7, from which it is cle^r that there Ls no complete cessation of 
Hcule growth in any part of the year. But July, August and Septeral>er apjiear to 
( oiistitut(5 the period of active growth, whereas Octol>er to February appear to form 
a p<iri(Ml of retiinled growth. As new rings are laid at the time of resumption of 
scalo growth, it is roncluded that, in a majority of cases, new rings are formed in 
tlH‘ tnorHhs of duly, Augu.st and September. The data show that this is by no 
rru ans tlu' only ptn iod of the year when rings are laid, as formation of new growing 
edges and (-onsequently of growth rings, though in a smaller percentage of eels, 
is observed during other months of the year also. Hence the utilization of scales 
for fietermijiing age must necessarily involve a certain degree of error unless large 
samples are exjimiried. 

^lOO 



1’EXT.fciG. 7. Histogram allowing tho percentage of eels, exhibiting new growing edges on 
scale margins, during different months of the year. 


The utilization of scales for the estimation of age in the eel is somewhat com- 
pli(;ated by the peculiar nature of the scales. A wide variation exists in the size of 



FRK8H-WATBE KBL, ANGUILLA BENGALENSIS GRAY 


273 


the scale8 taken from the same as well as different parts of the body. Furtlior, 
scales taken from different areas of the body of the same eel do not always show 
tlie same number of rings and such a difference exists in a smaller degree even in 
scales taken from any one region of the bod3^ The number of rings present on a 
scale is not necessarily in direct proportion to the size of the scale, a smaller scale 
sometimes recording more annual zones than a larger one taken from the same 
region of the bod}'. In view of this, it is not possible to resort to the method ol 
back calculation in the scale studies of the eel. A similar conclusion was arrived 
at by Frost (op, cit,). 

In the light of the above observations, scales were used in the praseut investiga- 
tion for the estimation of age only, and not grow'th. The high measure of agreement 
observed between the estimates ol ago, by length lro<juency analysis and scale 
study, shows that the rings on the scales can bo utilized with some degree of caution 
for age determination of the species. 

Seales from nearly 350 specimens ranging from 125 to 666 mm. were studied. 
They were removed for examination, from an area 20 mm. long (on either side of 
the lateral line), the mid point of which is about l/5th of the body length, anterior 
to the tip of the tail. Selection of scales for study was made from this region, in 
preference to the usual practice ol taking scales from tlie anal region, becjause in 
A. btyigaUiisis scales first appear in this area and hence are the oldest. 25 normal 
scales were selected and cleaned in a weak solution of potassium hydroxide, and 
mounted lor microscopic examination. The growth rings could be clearly seen 
even in unstained scales. The maximum number ol rings found oii any scale in 
the sample was recorded separately lor eacli fish. The usual practice ol considering 
the maximum number of rings found on the oldest scales, as indicative ot the correct 
ago of the fish (vide Gemzoe, op, cit,, Frost, op, cii,), was followed in the i)resent 
investigation. It was ascertained by taking sample^ of scales from difTercnt regions 
of the body, that the maximum number of rings found in the sample ol 25 scales 
taken from the caudal region, as described, represented the true maximum lor any 
particular individual. Marcus (1919) has concluded that, in certain years, zoiu^s ol 
loculi are not laid down on scales of slowly growing eels and that partially formed 
zones or caps arc manifestations of this possibility. Therefore, following his pro- 
cedure, oven partially developed zones of loculi, appearing sometimes only as caps 
on tlui long axes of the scale, wore considered as representing annual growth. 

Fcls having the same number of maximum rings on their scales are taken, in 
this inv^estigation, to represent a single age class. The results ot scale readings are 
given in Table V and Text-fig. 8. The average lengths of eels having a maximum 
number of one to six rings are given in Table VI, along with the age classes as 
determined by length frequencies. 

It was pointed out earlier that immigration of glass eels (after metamorphosis) 
itito estuaries commences late in October every year and continues up to March 
next year, thougli the maximum influx takes place in the months of January and 
Fcbruaiy. Scales begin to form about six months after the date of immigration, and 
the first ring is laid in a majority of individuals during the months of July, August 
and September of the succeeding year (i.e. second year alter immigration into 
fresli waters). Ho in the earliest immigrants (viz. those that enter the estuaries in 
the month of October) the first ring is laid in a majority of individuals after about 
a year and nine months from the date of immigration, whereas iii the latest im- 
migrants (viz. those that enter the estuaries in March) the first ring is laid after 
approximately a year and four months. Hence the first ring on the scales of A, 
bengedensis may be considered to have been laid when the eels attained an age rang- 
ing between 1 year 4 months and I year 9 months, but since the maximum influx 
of elvers takes place in the months of January and February, it may be said that in 
a large percentage of eels, the first ring is laid after about IJ years from the date of 
their entering the estuaries. 
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Ta&la V 

Let^/th range of eels ha/ving one to six rings on scales 


of 

T.L. in mm. 


140 J49 
150-159 
100 109 
170 179 
180^189 
190-199 
200-209 
210-219 
220-229 
230-239 
240-249 
250 259 
200-209 
270-279 
280-289 
290 -299 
300-309 
310 319 
320-329 
330 339 
340-349 
350-359 
360 309 
370-379 
380-389 
390 309 
400 409 
410-419 
420 429 
430 439 
440 149 
450 459 
400-409 
470-479 
480-489 
490-499 
50 ( 4-509 
510-519 
520-529 
530-539 
540-549 
550-569 
600-569 
670-679 
580-589 
690-599 
600-609 
610-619 
620-629 
630-039 
640-040 
650-059 
600-669 
670-679 
680-689 
690-699 

Totivl 

Mean 





LENGTH IN mm. 
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Tabi,* VI 

;kfran Ir.tigth nf r* Is in rehuion to nituther of growth ringa on sc^de^f, and class 

nfflucM of tnodnl groups ut. length freguennes 


Length freqiioncieH 


Nuinixif of 
growth rings 

Number of 
ools in 

Mi-an lengtii 

r 

! Cia«H value 

on Hcales 

samplo 


1 Age olasM 

1 of modal 

! 




1 group 

1 

117 1 

183 56 

1 

210 

o 

76 

249a50 

II 

! 266 

a 

70 

340071 

nr 

1 331 

4 

38 

447 132 

IV 

441 

5 

20 

516-66 

V 

507 

6 

2 

! 602-00 1 

i 



(c) Ijcntjih frequency 

Two length fro(iuenry hintograms (one for eels measuring 40-183 mm. and 
another for thost' more Mian 183 mm.) for the entire collection of eels made during 
the year 1952 are given in Text-figs. 9 and 10. 
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LENGTH IN fRlH. 


Tbxt-tio. 10. Length frequency histograma of eela (ranging between 183 mm. and 000 min.) 

collected during the year 1962. 


'rUe mean lengths attained by the fish during the first five yeain of its life, as 
calculated from the scales, are shown as vertical dotted lines in the histogram. 
In Text-fig. 9 one distinct mode is noticeable at 80*0 mm. for the 0 group fish. In 
Text-fig. 10, five clear modes are discernible, each at 210, 265, 331, 441 and 507 mm., 
representing I to V year group fish respectively. The small mode at 386 mm. 
could probably be ignored, as being due to inofiequate samples, considering the 
almost equal distribution of frequencies preceding the main 331 mm. modal group; 
further the size gioup represented by this modal class falls within the range of 
individuals having three rings on their scales. There is another small mode at 661 mm . 
which could also be ignored since the number of specimens in the sample represent- 
ing this size group is very small. There appears to be fair agreement between the 
mean lengths of eels having 1 to 5 rings on scales and I to V modal classes of the 
length frequency histograms. 


Summary 

Some aspects of the biology of the Indiaa fresh-water eel Anguilla bengalenaifi h^vo l>een 
studied, based on the collections of eels made from the Hooghly estuary. 

Tlie length-weight relationship for eels ranging between 60 mm. and 300 mm. in length is 
estimated. The condition factor K appears, generally, to increase with the increase in length 
of the fish. K values for the eels, collected during the later part of the year, appear to bo higher 
than those for eels collected during earlier months, 

A study of the food habits of the eel reveals that it is generally omnivorous, though there 
appears to bo a particular preference for fish, which predominate a single item of diet. The 
relative predoimnanoe of crabs, prawns, insects, megalopa larvae, macro- and microphytes, 
annelids and miscellaneous items among the stomach contents of the eel is found to bo in the 
order mentioned here. 

The immigration of 'glass eels’ (newly metamorphosed leptocephali) into estuaries has 
been found to take place in the colder months of the year, commencing from October and con- 
tinuing up to March, the peak period of immigration being January and February. The glass 
eels range between 40 mm. and 68 mm, in length, with a mean length of 60-9 mm. The elvers 
have been found to attain a length of about 161 mm. registering a growth of 98*0 mm. by the 
end of the first year of their life in inland waters. The increment in length from month to 
month varies between 9*0 mm. and 12-6 mm. as revealed by the length frequency studies. 

The Btruotora of soales and the age and size at which they first apj^ar is di^ussed. In 
A . hengalensis it has been ob.«*erved that scales first appear in the caudal region on either side of 
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ills lateral line of elvem 112 to 116 mm. long and about six months old. The eaiiieet scales 
measuie 0*240 to 0*336 mm. Simultaneously with the growth of the eel the scale area is found 
to extend until, finally, in an elver 206 mm. long, scales are fully formed on the whole body. 
These findings differ considerably from those ma^ on Kuropean eels. 

Observations on the growth of scales and formation of growth rings reveal that the new 
rings are laid at the time of resumption of scale growth. Though growing edges are found on 
scales during all the months of the year, the percentage of scales on individual eels bearing new 
growing edges is significantly higher during July, August and September than during other 
months. Ilence it is conclu<lod that these months constitute the period of active scale growth, 
and that in a vast majority of eels rings are forme<l during this season. The somewhat com- 
plicatixl nature of the problem of utilization of Hcalos in the age studies of the eel is discussed, 
and the fjoncIuHion has b<fen arrived that the scales of the eel could bo utilized for the estimation 
of age (not growth) of tho fish, with a certain degree of caution, provided large samples are 
€5xarnjned. Tho fairly high nioasum of agreement observed between the estimates of age, by 
length frequency analyttis and scale study, has also helped to substantiate the view expressed 
boro. 
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Appendix I 

Lust of organisms found among the stxymach contents of A. bengalensis 


Annelids 


Fresh -water oUgochaete^ 

Earthworms 

Polychaetes 


C rusiaceans 

Amphipods 

Isopods 

Varuna litterata 

Megalopa larvae of i^aruyia ap. 

Paratelphusa s]). 

AVpheus sp. 

Metapenaeus sp. 

Metapena e. iis lys ia nassa 
Metapenaens hrevicornis 
Palaemon spp. 

(hiridina sp. 


Insects 

Oryllotalpa 

De -elated termites 

Coleopteran larvae 

Trichcypteran larvae 

Mosquito larvae 

Beetles 

Ants 


Fish 


Elvers of eels 

Gohioid fishes (various species) 

OdorUambliopus ruhircundus 
Gobiopterus chuno 
Glossogohius giuris 
Eleotris fusca 

Clupeid fishes (various species). Larvae and adults 

Hilsa ilisha 

Gadusia chapra 

Setipinna phasa 

Patna pama 

Tetrad^ spp. 

Badis hadis 
Ambassis ranga 
Barbus stigma 
Fish eggs 
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yfacro^ and microphytes 

Ac|uatic we5e<i8 

BiadoH of ^rasH 

Roots and sc^<m 1 s of plants 

Spiroijyra 

Tribonftma sp. 

Misceth neons 

Sholls of gastropod molluscs 

Pobhles 

C(;nti pedes 

Spiders 

SjukI partieles 

Debris 
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BEHAVIOUR OF THE ROCK BEES, APIS DORSATA FABR., OURIKG 
A PARTLAL SOLAR ECLIPSE IN INDIA 


by M. L. Roonwal, F.N.I., Director, Zoological Survey of India, 
34 Chittaranjan Avenue, Calcutta 12 

(Received December 8, 1956 ; read July 25, 1957) 
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I . Introduction 

Little information is available on the behaviour of insocts during a solar eclipse. 
I have been able to find only two relevant references in the literature, viz. that of 
Newport (1837) on the honey bee in England and of Hukusima (1949) on a Chryso- 
nielid beetle in Japan. Uvarov (1931, p. 103) in his comprehensive review on 
'Insects and Climate’ refers merely to Newport. 

Newport (1837, pp. 306-307) observed that during an almost total solar eclipse 
in England on the 15th May, 1836, honey bees. Apis mellijica Linn., started flocking 
back to the hives at 2-16 p.m. when the eclipse began and the sunlight was sensibly 
diminished, and only few were leaving. At 3-15 p.m., when little light remained 
and the temperature dropped from 20'^C. to 15®C., the hives were quiet as in the 
evenings and not a bee went abroad; also, cocks were crowing. At 4 p.m. when 
the eclipse was nearly over, full activity was resumed by the bees and they were 
going abroad in large numbers. He concluded (p. 306) as follows : — ' . . . that in 
proportion to the diminution of light the hives became quiet, and the temperature 
of the hives decreased until after the eclipse had passed its maximum, when as the 
hght began again to increase, the activity of the hives became restored, and with it 
a considerable increase of heat’. 

The paper of Hukusima (1949) on the Cbrysomelid beetle, Phylloireta viitaia 
Fabr., has not been accessible to me. 

During the partial solar eclipse which occurred in India on the 20th June, 
1965, I was able to observe the behaviour of the rock bees, Apia doraata Fabricius, 
on a hive in New Forest near Dehra Dun (Uttar Pradesh, ca, 600 metres altitude). 
The hive (Text-fig. 1) whose flat surface measured about 50x60 cm. was situated 
at a height of about 12 metres from the ground, on a drain pipe on the southern 
face of a high quadrangle wall. The hive was so situated that the sun shone directly 
upon it in the mornings. 

‘ For the effect of solar eclipse on other animals, vide Appendix. 

The eclipse at Dehra Dun lasted about 1 hr. 43 mins, (from about 07.37 hrs. 
to about 09.20 hrs.) in the morning, and was partial, the shadow covering about 
one-fourth of the sun at the maximum (Text-fig. 2). 
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Observations were taken with the aid of a field binocular from a distance of 
about 3 metres from the hive. As during the period of observation the bees w^ere 
continually both leaving and returning to the hive, the total number of such bees 
was taken as a convenient and easily observable index of bet activity (Tables 1 and 
2). For comparison, the bee activity was also recorded two days later on abnormal’ 
day, 

I was assisted in making and recording the observations, paiticularly in making 
bee counts, by my children, Vimla, Sarla and Ganpat Singh, for whose enthusiasm 
and help I record my thanks. 


II. Observations 

I’hc following is a riM ord of the observations canied out first, during the eclipse 
(20th June) and, secondly, on a rumnal day (22nd June). 


(a) On 20th Junk, 1955 (during solar eclipse) 

Tabijc 1 

Adiritff of be,e^ Apia Fabr. (loUd number of been leuving and refurtiing to the. hive 

/ifT minute) before, during and after the partial nolar eclipse on 20th June, rjoa, at 

Dehrn Dun (cf. Table 2) 

Sole , — The iiuiividiial ohsorvationa were for 15~30 rtcconds and the figurns so obtained 
were then calculated for one minute. 


Nvunln'i’ of b<‘<‘s 
l<'aving and returning 
to hive per minute 


Tinu> 

(hrs.) 


U7.25 

07.37 

0S.05 

08.30 
08.45 
00.00 
00.15 
00.20 

09.31 


20 

20 

28 

160 1 
172 J 
00 
28 
34 
24 


Heinarks 


Cloudy, 

Cloudy. Approximat<' Hunounced time 
cclips4‘. 

Eelipse fairly advaucod, 

Eolipst) Mdv'Hiiced; about maximum. 

Eclipse declining. 

Eclipse nearing end. 

Eclipse over by now. 


of iK'ginning of 


(i) (\)ndition of htea just bf^fore the edi/f'^c 

07. hrs . — The sun is under idouds. The bees are lliiekly paeked on the hive 
and are generally quiet, but it is possible to divide the hive into two portions in this 
respect, thus: (i) The upptu* two-thirds (Text-fig. I, ^4) in which the bees are very 
quiet and there is hardly a movement in the ma^s, except that occasionally a bee 
hero and a bee there shows slight movements; hardly any bee leaves this part of 
the hive or returns to it. (ii) The lower one-third (Text-fig, 1, B) wliere the liees 
are distinctly more active. They move their bodies and legs as if for mutual adjust- 
ment. Occasionally, a bee leaves the hive or returns to it — this occurs at the rate 
of about 20 individuals (total of both categories)*^ per minute, the number of bees 
leaving and returning being alK)ut equal. 


* Throughout this paper this figure represents the total of both categories, i.e. of those 
leaving and those returning to the hive. 
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Tbxt-piq. 1. The hive of the rook bee. Apis doraata Fabr., which was kept under observation 
during the partial solar eolipse at New Forest, Dehra Dun, on the morning of 
20th June, 1955, 

A — upper portion of hive (whore the bees were comparatively inactive); jO—- lower portion 
of hive (where the bees were comparatively active); d. — drain pipe; h, — bee-hive; t » — drain tank. 

(ii) Condition of bees during the eclipse 

07,37 hrs . — The sun is under clouds. This is the approximate time of the 
beginning of the eclipse. The bees are behaving as at 07.25 hrs. The number of 
bees leaving and returning to the hive is about 20 per minute. 

07.45 hrs . — It is still cloudy, but some sun rays are partly shining through. 
The bees are behaving as before. 

07.50 hrs . — The sun is under heavy clouds. The bees are behaving as before. 


abed 



07.25 08.10 06.20 08.30 


e f g h 



08.45 09.00 09.15 09.26 


Tbxt-fio. 2. The solar disc as seen at New Forest, Dehra Dun, on the morning (07.25 hrs* to 
09.26 hrs.) of 20th June, 1955, during the partial solar eclipse. The shaded 
portion represents the approximate ext^t of the sun’s disc covered by the 
moon. T^ time, in hours, is indicated. 


5 
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08M5 hrs, — The sun is out of the clouds; the eclij^se is fairly advanced. The 
bees appear to be a little restless in the lower part of the hive. The number of bees 
leaving and returning tx) hive is about 28 per minute. In the upper portion of hive 
the bros are quiet as before. 

08.20 hrs. — The sun is visible; the eclipse is advancing. The bees are behaving 
as at 08.05 hrs. 

08.30 hrs. — The sun is alternately in and out of the clouds; the eclipse is nearing 
the maximum. In the lower part of hive the bees are becoming much more restless 
than before; the number of bees leaving and returning to hive is about 160 per 
minute. In the upper part of the hive the bees are as inactive as before. 

08.43 hrs. — The sun is altc^rnately in and out of the clouds; the eclipse is almost 
at the maximum or perhaps a little past it {Text-fig. 2). In the lower part of hive 
the bet^s are restless as at 08.30 hrs. ; the numl:>er of bees leaving and returning to 
hive is al>out 172 per minute. There is no change in the activity of bees when the 
Hun goes in and out of the clouds. 

09 MO hrs. — The sun Is fully out of the clouds; the eclipse is declining. In the 
lower part of hive the bees are now less restless; the number of bees leaving and 
returning to hive is about 90 per minute. In the upper part of the hive the bees arc 
comparatively inactive as befijro. 

09.15 hrs. — The sun is now out of the clouds; the eclipse is nearing the end. 
In the lower part of hive the bees are much less restless than bc^fore; the number of 
bees leaving and returning to the hive is now only about 28 per minute. In the 
upjx^r part of the hive the bees are inactive as before. 

(iii) Condition of bees just after the eclipse 

09.26 hrs. — The sun is visible; the eclipse is over by now. In the lower part 
of the hive the bees are behaving as at 09.15 hrs., i.e. they show only mild restless- 
ness; the number of bees leaving and returning to the hive is about 34 per minute. 
In the upper [)art of hive, however, the bees, which had all along been very quiet, 
are now a little restless, and out of several hundred bees, all in the same vertical 
position and packed closely, a few (5 or 6) have now moved to a slanting position. 

09.31 hrs. — The sun is free from clouds. In the lower i)art of the hive, the bees 
are behaving as at 09.26 hrs., i.e. are only mildly restless; the number of bees leav- 
ing and returning to hive is about 24 per minute. The upi)er part of the hive shows 
no change. 

(h) On 22nd June, 1955 (nobmal day) 

Table 2 

Activity qf bees, Apifl dorsata Fabr. {total number of beta leaving and reluming to the hive 
per minute)y. on a normal^ sunny day {22nd Jtme, 1956) at New Forest^ Dehra Dun. 

{Same hive cut in Table 1) 

Note . — Tlio individual obaorvations were for 30 seconds and tlie figures so obtained were 
calculatt^d for one minute. 


Time 

(hrs.) 

Niunbi^r of bees 
leavdug and returning 
to hive per minute 

Remarks 

08.00 

50 

Sim shining directly on hive. 

08.15 

50 

Ditto. 

08.30 

56 

Ditto. 

08.45 

62 

Sun not .shining directly on hive. 

09.00 

64 

Ditto. 

09.30 

50 

Ditto. 
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For comparison with observations during the eclipst\ the behaviour of the 
bees in the same hive was observed two days later, on the 22nd June, 1966, with the 
following results. The number of bees leaving and returning to the hive is given 
in Table 2, the number leaving and returning l>eing about equal. 

08.00 — The sun is out and shining directly on the hive; there are no clouds. 
As on the 20th June, the bees are more active in the lower part of hive than in the 
upper. The upper portion is distinctly more active than on the 20th June, although 
still less active than the lower one. 

08.15 and 08.30 hrs . — There is no change. 

08.45 hrs . — The sun is iis before but is not now shining directl}^ on the hive. 
The bee^ all over the hive are more active than before. 

09.00 hrs . — The condition of bees is generally as at 08.45 hrs. 

09.30 hrs . — The condition of bees is generally as before, but the number of bees 
leaving and returning to the hive is rather fewer. 

(c) Conclusions 

It would appear that during the partial solar eclipse on the 20th June, the 
rock bees became distinctly restless and more active. This was evident botli by 
general visual observation as well as by counting the number of bees leaving and 
returning to the hive. The total of such individuals (both leaving and returning) 
rose from 20 {)er minute at the beginning of the eclipse to 160-172 at the maximum 
eclipse, and then gradually fell with the decline of the eclipse, the (^ount being about 
24-34 at the end. Comparison on a normal sunny day two days later (22nd June) 
during roughly the same period gave this count as 60-64; no marked rise or fall 
was noticeable. 

III. Summary 

1. Tho behaviour of tJie rock bees, Apw dorsata Fabr., was observed in a hivo at New 
Forest, Dehra Dun (Uttar Pradesh), during a partial (about one-fourth) solar eclipse, on the 
20th Juno, 1955, which lasted for al>out 1 hr. 43 mine, (from about 07.37 hrs. to 09.20 hrs.). 
For comparison, tho behaviour of the boos in tho same hive was obsi^rved two days later (on tho 
22nd Juno). 

2. It was noted that during the eclipse tho boos became distinctly restless and more active. 
The number of bees leaving and returning to tho hivo rose from about 20 at the beginning of the 
eclipse to 160-172 at the maximum eclipse, and then gradually fell to about 24-34 with tho 
decline of the eclipse. No such marked rise and fall was noticed on the 22nd June, the figures 
being 50-64. 
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V. Addendum 

After this paper was ready for the press, two recent observations on the effect 
of solar eclipse on animal behaviour came to my notice and deserve mention. % 

Piilai (1956) made some observations during a partial solar eclipse* at 
Trivandrum (southern India) on tho 14th December, 1955, which commenced at 


. ♦ Piilai did not mention the extent of the eclipse. On an enquiry from tho Officer-iii- 

Charge, The Observatory, Trivandrum, the latter informed me (in his letter dated 25th March, 
1957) that the solar eclipse observed at Trivandrum on the 14th December, 1955, was ‘a partial 
one and the maximum extent of it was about 80%*; and further that the ‘total time of duration 
was 4 hrs. 21 mins. *; and ‘it was maximum at 12.55 p.m.’. 
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10.37 a.m. and lasted 4 hrs. 21 mins. At 12.36 p.m. it was so dark that lights had 
to be put on inskle the rooms. The temperature fell fropa 82'6°F. {ca. 28-l°C.) at 
12.00 hrs. to 80 6 P. {ca. 2rC.) at 13.00 hrs. and 80-4°r. (ca. 26-8°C.) at 14.00 hrs.; 
there was also a slight fall of atmospheric pressure and a rise in humidity by 9 per 
cent. He observed several birds an<l mammals in the zoological garden during the 
eelijMMj and concluded that ‘a)ntrary to popular notion, animals either captive or 
free display little or no responsive behaviour during a solar eclipse’. 

Miirsd(^n (1966) observed during the solar eclipse in 1936, in Japan, that until 
the ccli[)s(; was total such birds and domestic animals as came to his notice behaved in 
no way out of the common, but as soon as the eclipse was total (about 1 p.m. local 
time), it was Jis dark as in a (4ear moonlight night in India, and ‘all animal noise and 
movement eeiised forthwith’. Fifty-five seconds later when the moon’s shadow 
on the eartli passtxl away equally suddenly, ‘the usual animal noises of early dawn 
were heard on all .sifles — cocks crowing, etc. — and normal movement was resumed’. 

AIiirHclon, (i. M. (1956). Holar eclipHO and animal bohaviour. J. Botnhay nat. Hist, 
S(}C., Hombay, 54 (1), 194-195. 

I'ilhii, N. (a. (1956). Holar eclipHO and ivnimal behaviour. J. Bombay nat. Hist, Soc.^ I3oinbay, 
53 (4). 708-710. 
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SUNDER LAL HORA 


(1890-1966) 

Obititary Nottok 

by M, L. Roonwal, F.N.I., Director, Zoological Survey of India, CalcvUla 

(With a photograph) 


On the 5th December, 1955, while presiding over a meeting of the Asiatic Society 
of Bengal, Calcutta, and in which he read a paper on the signitieance of mahuo-niaratib, 
a fish-insignia of the Moghul times, Dr. S. L. Hora was seized with an attack of 
coronary thrombosis, his second in the last three years, and })assod away peacefully 
on the 8th December at the ago of sixty. 

Hora’s interest in zoology was kindled rather late ; in his early college years he 
did poorly in the subject. This was a source of much disappointment to him and 
at the same time spurred him on to study harder. The results of this concen- 
tration were soon evident in the high marks he obtained in his examinations. He 
was awarded a scholarship to continue his honours course in zoology which he duly 
completed and followed up with completing the Master of Science course at the 
Government College, Lahore, under Professor J. Stephenson. For this course he 
took up ‘Fishes of Lahore' as the subject of his thesis and started in earnest the 
collection and identification of the fishes. Although never published, this was Hora's 
first paper on systematic ichthyology, a subject on which he, in due course, became 
an authority. Dr. N. Annandale, the then Director of the Zoological Survey of 
India, who visited Lahore about that time was greatly impressed with Hora's collec- 
tion and display of fishes in the museum and invited him to help him (Annandale) 
in his forthcoming Seistan tour. 

flora's father, finding his son drifting into science instead of business, warned 
him that his subject, zoology, would never earn him a decent livelihood. Hora 
accepted his father’s advice and started business at Simla, and would have become 
a full-fledged businessman but for Annandale’s call to (Calcutta. Professor Stephen- 
son exercised his influence, and Hora agreed to join Dr. Annandale. This was a 
turning point in his career, and had Professor Stephenson and Dr. Baini Prashad 
not encouraged him to go to Calcutta, Indian ichthyology would perhaps never 
have heard of Hora. There is no doubt that among the early influences, which 
moulded Hora’s career in zoology, that of Dr. Annandale of the Zoological Survey 
of India, which Hora joined as a Research Scholar in 1919, was the most dominant 
and decisive. In all his writings he endeavoured to follow the master’s methods, 
and, to the end of his days, he never tired of speaking of Annandale with deep 
reverence and affection. 

As a zoologist Hora remained throughout his life devoted to fish as a subject 
of his studies. But his interests were catholic and his sweep extended to a variety 
of fields, such as taxonomy, zoogeography, evolution, ecology and history of science, 
always with fish as the motif. But Hora was first and foremost a fish taxonomist 
and his most outstanding contributions lie in that field. His first paper, jointly 
with Annandale, was published in 1920 and dealt with the fish fauna of Seistan. 
From then onward, a steady stream of papers on fish taxonomy emanated from him, 
covering not only all parts of India but also practically all the neighbouring countries 
such as Afghanistan, Burma, Malaya, Thailand, China, Indonesia and Iraq. Hora 
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confined him»elf almost wholly to the freshwater fishes which comprise about 22 
per cent of the Indian fauna, and in this field he was an unrivalled authority. No 
student of tlie freshwater fishes of the Oriental Region can afford to ignore the sohd 
and extensive contribution of Hora in that field. He discovered dozens of new 
species, several new genera and revised numerous families of fishes. For his work 
he had the advantage of having two excellent AssisUuits — first, Mr. D. D. Mukerji 
who died prematurely and then Dr. K. S. Misra who, on Hora s promotion to the 
DirecUjrshipof the Zoological Survey of India, succeeded him as the Officer-in-Charge 
of the Fish Section of the Survey. 

Hora was attracted greatly to theories of organic evolution and contributed 
excellent material towards them, especially on adaptations in animals inhabiting 
t(^rrontial streams of India with piirticular reference to the organs of attachment. 
However, while his field observations were unexceptionable, his interpretations were 
open to serious dispute. Somehow or other, he seems to have completely ignored 
the entire gamut of recent researches in the field of genetics which have so deeply 
infiucnced our ideas of evolution. To the end of his days Hora continued to believe 
anhmtly in the Lamarckian theories — theories which are more or less fully discredited 
today. It is difficult to explain this curious isolation of Hora from modem develop- 
ments in ideas on evolution. Possibly, he was too busy to devote much time to 
reading new material and assimilating now ideas on the subject. I remember 
vividly how a few years ago, at a symposium on Organic Evolution organized by 
the National Institute of Sciences of India in Delhi, Hora presented his lamarckian 
views and was immediately challenged by a young and knowledgeable geneticist. 
Hora found defence difficult and ultimately extricated himself by contending that 
Lamarckianism was his belief and he did not care whether others accepted it or not. 

In later years Hora felt greatly involved in what he called the ‘Satpura 
Hypothesis’ by which he meant that the similarity between the Malayan fauna and 
the fauna of Peninsular India without an apparent connecting link (a well-known 
fact of zoogeography known since the last century) was due to migration from eastern 
regions to the western ma the Satpura Range of mountains in central India. This 
hypothesis, which he first put forward in 1937, was mainly based on evidence from 
freshwater fislies. Later on, he elaborated it with the assistance of other workers 
to include diverse groups of animals. In 1949 he organized a symposium on this 
subject under the auspices of the National Institute of Sciences of India. The 
symposium tlirew a flood of light on the existence of the discontinuity of faunal 
distribution, as mentioned above, but could hardly be said to have provided any 
positive evidence in favour of the Satpura Hypothesis as an explanation of this 
discontinuity. 

Hora also felt greatly attracted towards studies on the history of science in 
ancient and medieval India especially with regard to fish and fisheries, and he pub- 
lished a whole series of illuminating papers on the subject. 

Hora had a kind and sympathetic heart and loved to encourage young students 
and workers, providing them freely with all the facilities he could and even going 
out of the way to help them. With his enemies he never compromised. At the 
same time, ho had great adaptability, and it was this characteristic more than any- 
thing else which made him so successM a member of innumerable scientific societies 
in most of which he held high offices. In fact he was deeply attracted both to the 
internal politics and the day-to-day working of these societies and there is a belief 
among his friends that this excessive work told upon his health which broke down 
towards the later years of his life. Had he not had so many irons in the filre at the 
same time, he would, perhaps, have lived longer and would have made even greater 
contributions to science than he did. His weakest spot lay perhaps in the realm 
of administration where he was prone to be wavering and indecisive and hesitant 
to shoulder responsibilities. He was happiest in the field — collecting animals and 
making observations in field ecology, and his great example should be an inspiration 
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to the younger zoologists. Hora was also happy in the surroundings of scientific 
societies and other such bodies and took a leading part in their meetings. 

Hora considered work as pleasure and even his hobby was the writing of scienti- 
fic papers. He had the gift of turning his stumbling blocks into stepping stones 
of success. The number of students trained by him are many, and several amongst 
them occupy positions of responsibility. In all those who came in contact with 
him, he inspired a love for hard work. As a man he was gentle and lovable, and 
as a teacher kind and considerate to a fault. 

From 1920 to the end of his career he published about 427 papers on various 
subjects but mainly on fishes, evolution and adaptation; they appeared both in 
Indian and foreign journals. His contributions cover all aspects of biology including 
zoology, physiology, systematics, bionomics, ecology, evolution, zoogeography, 
palaeogeography and history of zoology. As a fishery export and a leading taxo- 
nomist, the Zoological Survey of India became under him a centre for research on 
fishes and attracted students and researcli workeFs from all parts of India. 

A fully indexed list of his publications was issued in a booklet in 1951 by his 
admirers and friends ‘in commemoration of the Silver Jubilee of Dr. S. L. Hora’s 
first contribution to Science*. A complete list of his publications, including a few 
which appeared posthumously, is given below in a chronological order ; two or throe 
of his papers are still believed to be in the press. 
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LIFK-HLSTORY OF BARBULA INDICA BRIDEL. 


by L Bavkrji, F.N.I., and Subtr Skn, Botany DeparUnenty Calcutta University 
(ReceivfA Fehru/iry 19; read July 25, 1957) 

Barb ala indicxi Bridol. is the common leafy moss found growing profusely on 
damp places and hrick walls. It is gregarious in habit, and grows in dense masses 
forming yellowish-green patches usually intermingled with another moss Ilyophila 
involuta (Hooker) Jaeger. The latter can, however, be easily distinguished by its 
wider leaves, shorter axis and absence of peristome in the capsule. Brotherus 
(1909), in the second edition of Englar’s ‘Pflanzenfamilien’, mentions the presence 
of three species of Barhula in Bengal; they are: 

B. gaugetica C. Miillar, 

B. cxymosa 0. Miillar, and 
B. orientalis C. Miillar. 

Since then, Briihl (1931) has reported the presence of B. indica, B. gangetica 
and B. comosn in Bengal. Briihl and Sarker (1933) have described the morphology 
of B, indica, 

l*aris (1904) in his ‘Index Bryologicus’ mentions Tortula orientalis as synonym 
of B, indica. I’he genera, Barhula and Tortula belonging to the family Pottiaceae 
with similarity in some of the essential morphological featurCvS has produced con- 
fusiofi with regard to the position of some of the species (Bartram, 1049; Francis, 
1950). So far as the present material is concerned the characters of tlie gameto- 
l>lu)re and the sfwrogonium conform to the species B. indica Bridol. in all respects. 

Considering the extensive work done and in progress on various aspects of the 
Hcpatics in India, the true mosses appear to have been somewhat neglected though 
they are not of infrequent occurrence. Very few attempts have so far been made 
to study in detail the life-cycle of different species of the true mosses. This is 
essential from the systematic and other points of view. This paper gives a detailed 
account of the life-cycle and the chromosome behaviour during the mciotic division 
of the spore mother cells. 

Material and Methods 

The material has been collected from plants growing in large patches on damp 
rock surfaces and brick walls in sh^xdy places within the college campus. 

For general morphological studies, the material was dissected and observed 
under a Zeiss Stereoscopic binocular microscope. 

Formalin acetic alcohol fixative was found to be suitable for general anatomi- 
cal studies and chrom-osomo-acetic acid fixing fluid (Johansen, 1940) for the study 
of the development of sex organs, embryos and young sporophytes. The material 
was always washed in running water before fixation to remove soil particles held 
between the tufts of loaves. Dehydration was carried out in grades of normal butyl 
alcohol and embedded in paraffin as usual. 

Sections were cut 5ft thick for anatomical studies and 3 to 5 /a for the study of 
the development of sex organs and capsule. Material for the anatomical studies 
was stained in safranin-light green. Heidenhain’s iron alum-haematoxylin was 
found suitable for developmental studies. Orange G was used as counterstain 
where necessary. 

For the study of meiosis, capsules of suitable size were fixed in acetic alcohol 
(1: 2) for one hour and then transferred to 46% acetic acid before squashing in 
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aceto-carmine. Peak period of division was found to be between 8-30 a.m. and 
10 a,m. Best results were obtained where capsules were treated in 0 002 M, 
8-oxyquinoUne for twenty minutes at 15®-17'^C. before fixation in acetic alcohol. 

For spore cultures and regeneration studios the following nutrient media were 
used : 

1. Benecke’s nutrient solution. 

2. Benecke’s nutrient agar substrate 2%. 

3. Spore culture media (Johansen, 1940). 

The nutrient media were sterilized at 6 lb. pressure for 30 minutes. 

Spores of only one capsule were inoculated in each petri dish or flask. No 
monosporous cultures were made. Hangiiig drop cultures in Beiieoke’s nutrient 
solution and tap water were miule to study the earlier stages of gerniination. The 
cultures were illuminated unilaterally from a south-east lacing window. During 
vigorous growtli of protonema on solid media, supply of moisture was found to be 
necessary for the cultures. 

For regeneration studies, leaf and axis of the gametophore, brute bodies, 
capsule and seta were placed on moist filter paper in sterilized petri dishes and in 
Benecke’s nutrient solution. 


Observations 

(a) Morphology of the gametophore , — Plant mass dense, bright yellowish green, 
soft with erect gametophorcs 1 to 1*5 cm. long. Axis usually simple yellowish 
brown in colour except at the young portion j laxly foliosc with smooth-walled 
rhizoids at tlie base. Rhizoids usually with oblique transverse walls; brown in 

colour at the mature portion. ^ i • i. 

Leaves lanceolate, apex obtuse, margin more or less recurved, minutely sinuate 
due to the projecting papillate walls of the marginal cells near the apex, costa 
strong, apparently biconvex, ending in a small conical hyaline point slightly PI'p** 
jecting beyond the apex of the leaf blade (Fig. 54). The le^ivea are borne spirally 
in definite tristichous arrangement near the apex, b»it further below the definite 
arrangement is broken down due to torsion and twisting of the axis during develop- 
ment (Fig. 36). Sex organs are usually borne terminally on the main axis and 

short lateral branches. . 

The axis of the gametophore develops from a typically inverted pyramidal 
apical cell having three cutting faces, which cut off segments at regular sequence 
(Fig. 55). The segments by further periclinal and vertical divisions give rise to 
cells which contribute to the central and cortical portion of the axis. The leaf 
initials differentiate from a superficial cell of the axis. Thus the arrangement of 
the leaves developing from the segments cut off by the three-sided apical cell is 

typically tristichous. ^ ^ 

The axis in cross-section is nearly terete. It is differentiated mto two distinct 
portions: the central cylinder which is compased of thin- walled, narrow, vertically 
elongated cells, polygonal in cross-sections; while the cortical colls are much larger 
and contain chloroplasts in the young stage. In mature axis the cell walls ot the 
cortex become much thicker and yellowish brown in colour. The thickness ot the 
walls gradually diminishes towards the centre (Fig. 58). The epidermal layer is 
not clearly defined, though the superficial cells are mostly isodiametrical. 

The midrib of the leaf is biconvex in cross-section. Four deuter cells l^ng m 
a row in the midrib are surrounded by narrow, thick-walled substeried cells and 
delimited by large rectangular peripheral cells. The lamina is one wll m thickness; 
tells more or less isobilateral in cross-section (Fig. 67). The cells of the basal 
portion of the leaf in surface view are large rectangular, becoming narrower towards 
the margin and with a fewer chlorophyll grains than those in the apical ^tion 
where they are irregularly polygonal, much smaller in size and densely 
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chlorophyllofte. Porichaetnl loaves are not distinguishable from the foliage leaves 
except that the of the lamina are uniformly rectangular throughout its length. 

Primordia of branc he s arise from superficial cells of the axis between the bases 
of two dowdy irnbricate<l young leaves usually at a short distance below the growing 
apc5X (Fig. 56). The cells dilTerentiate as apical cells with three cutting faces; 
further dc*velopinent is similar to that descril>ed in the case of the axis. 

{h) Ih'vdopment of the Hex organs , — The gametophores are strictly dioecious. 
Thi^ plards bearitig aniheridia and archegonia are not distinguishable and grow in 
seyjaratc; or int(.‘rrniugled masses. 

The sex organs develop succtissively from the superficial segments cut ofiF by 
the apical cfdl of th(‘ axis wliich forms the narrow head. Long filamentous 



Flos. 1-8. Stages of development of antheridium. Fig. 1. Antheridial initial cell. 
Figs. 2~5. Different stages of developinont of antheridium; initial for cover cells -- ei. Figs. 
6a~6/, T.S. showing stages of dovelopnient of antheridium. Fig. 7. Mature club-shaped 
antheridium after libonitiou of the antheix)zoid3; paraphyses — p. Fig. 8. Antherozoids. 
(Original magnifications of Figs. 1, 2 and 0 — x 2,000; Figs. 3, 4 and 7 -- x 1,500; Fig. 6 ■ X 1,000; 
Fig. 8 X 2,400.) (lied need | in reproduction.) 
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paraphyses, composed of 8 to 10 cells with pointed ends (Figs. 7 and 64), are found 
intermingled vdth the antheridia in the male plant, and surrounding the central cluster 
of archegonia in two or three rows in the female plant. The apical cell which is not 
directly functional in case of antheridia sometimes continues to develop the axis, 
so that the antheridial cluster becomes lateral in position. Two to three such 
lateral clusters were found to occur in some of the mature plants in addition to one 
terminal cluster. 

Early development of the aiitheridium and archegonium are almost similar. 
A superficial cell on the head forms a papillate projection with dense cytoplasm 
and becomes differentiated as an initial cell (Fig. 1). First division of the initial 
cell takes place in an obliquely transverse plane giving rise to nn apical cell with 
two cutting faces, which cut off segments at regular sequence forming a filament 
of six to eight segments in case of antheridium and four to six segments in case of 
archegonium (Figs. 2, 6a, 66, 9). 

In case of antheridium, the apical coll with two cutting faces continues to 
function. The segments cut off by the apical cell undergo two successive divisions 
in diagonally vertical plane (the later in a plane at right atigles to the former) giving 
rise to two jacket initials and the central, primary androgonial cell (Fig. 6c). Before 
the apical cell ceases to function, it cuts off two segments and organizes the cover 
initials (Fig. 4, oi). The primary androgonial cells divide and redivide in trans- 
verse and vertical planes accompanied by the compensating division of the initial 
jacket cells which form the jacket layer (Figs. 3, 4, 6t/). Further development of 
the androgonial tissue takes place by karyokinesis wiiieh is not. followed by cyto* 
kinesis and wall formation (Figs. 5, 6e, 6/). Subsequoiitly, however, walls are 
laid down delimiting each inicleus of the androcyte mother cells \vhi(4\ lie in blocks 
corresponding to the wall of the cells of the androgonial tissue. Each androcyte 
mother cell divides to form two androcytes which Ho entangled in a mucilaginous 
mass wdthin the mature cliib-shapcd antheridium (Fig. 7), the cover at the tip of 
which can bo easily distinguished by the larger size and thicker wall of tlio cells. 

The androcyte cells are nietamorpho.sed iiito long, slender and coiled bodies 
with two long cilia attached near one end, forming the anthorozoids (Fig. 8). 
Dehiscence of the antheridium takes place by rupturing of tlio tip of the 
antheridium. 

The development of the archegonium begins when the apical cell witli two' 
cutting faces after contributing to the stalk portion by an oblique periclinal division 
develops three cutting faces. The three faces cut ofl‘ segments which form the 
peripheral initials. These by vertical divisions give rise to six jacket initials. The 
apical cell, now functioning as the axial cell, divides successively in a transverse 
plane. First division results in an upper primary cover cell arid lower primary 
gametogenous cell (Fig. 16)- Further development of the gametogenous cell 
takes place as follows : 


y primary canal cell — 12 neck canal colls 
Gametogenous (*ell<^ 

^ venter cellr ventral canal cell 




\ 


egg 


Stages of development of archegonium has been shown in Figs. 1 1 to 14. 

Development of the gametogenous cell is accompanied by th<- compensating 
divisions of the jacket initials which form the venter and the long neck (Fig. 14). 
The primary cover cell forms four large cover cells at the ti]) of the neck. 

In mature archegonia the disorganization ot the ventral canal cell is followed 
by the neck canal cells. At the time of fertilization, which is elTected in presence 
of moisture, the cover cells split open the canal of the archegonium The anthero- 
zoids, which swim out of the antheridium in presence of moisture, pass through 
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Flos. 9-15. Figs. 9-14. L,8. showing stages of development of arehogoniura; primary 

gamotogenous coll " - pgc; primary cover cell pcoc. Fig. 15. Fusion of the male and tho 
female gametes. (Original mags, of Figs. 9-12 and 15 -= x 2,200; Figs. 13 and 14 — x700.) 
(Kedueed ^ m roproduetion.) 


tho neck of tlie archegoniuin down to the large, almost splierical egg. On entering 
tho cytoplasm of the egg, the antherozoid loses the two cilia and ultimately fuses 
with the nucleus (Fig. 16). The cytoplasm of the zygote becomes yellowish brown 
in colour. 

(c) Development of the sporogonium . — The development of the sporophyte 
begins with tho enlargement of the zygote (Fig. 16) followed by a transverse division 
(Fig. 17). Both tho epibasal and the hypobasal cells then divide by oblique trans- 
verse walls successively, to organize an apical cell with two cutting faces at either 
end. The apical cells cut off segments at regular sequence forming a long slender 
embryo (Figs. 18, 19). Development of the embryo at this stage is accompanied 
by enlargement of the archegonial jacket, the upper portion of which, forming the 
o^yptra, remains perched up on the sporophyte apex till maturity (Fig. 19, co). 

The h 3 rpobasal apical cell of the embryo, by rapid development, burrows 
through the stalk of the archegonium and penetrating the apical portion of the 
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Fros. 16-27. Fig, 16. Zygote. Figs. 17-19. Stages of dovelopment of the embryo. 
Fig. 17. Delimitation of epibasal (ec) and hypobasnl (/fc) apical colls. Figs. 18 and 19. Position 
of the young embryo in the archegoniura; calyptra = ca; stalk of the ai*chogouium st. Fig. 
20. L.S. of the young capsule; operculum op; pfaristomo initial ~ pi; annulus - an; ujrcho- 
sporium ™ arc; air chamber - a.ch; columella col; apophyses -* apo. Figs. 21-23. Stages 
of development of the sporogonous tissue. Fig. 24. Surface view of a portion of the ap)phy8e8 
showing stoma. Fig. 25. Matiu*e capsule; i)eri8tomo p; operculum — op. Fig, 25^. 
Calyptra. Fig. 26. Spore. Fig. 27. A peristome tooth. (Original mag/i. of Figs. 16 and 
17 - X 2,200; Fig. 18 =- 1,500; Figs. 19, 21 to 23 - Xl50; Fig. 24 -- x250; Figs. 26 and 
25 A ^ X29; Fig. 26 — x 3,000; Fig. 27 -• x 1,000.) (Reduced J in reproduction.) 


gameiophore subsequently gives rise to the long slender seta. Segments cut off 
by the epibasal apical cell divide periclinally towards the periphery and irregularly 
towards the centre to form a central ma.S8 of tissue surrounded by four layers of 
cell. The three outermost layers form the amphithecium which is delimited from 
the inner zone, the endothecium, by formation of an air chamber. At a certain 
distance below the apex, a transverse row of superficial cells by further anticlinal 
divisions form a ring of very narrow, thin- walled cells of four to six tiers. These 
ultimately form the annulus, above which the superficial layer of cells of the sporo- 
gonium organize the operculum (Pig. 20). The air chamber delimiting the 
endothecium and amphithecium extends from near the base of the operculum to 
the apophyses. 

The superficial layer of cells of the endothecium by periclinal divisions give 
rise to two inner layers, of which the innermost directly functions as the arche- 
sporium. The archesporium thus formed is a barrel-shaped tissue, extending up to 
the rim of the operculum and is one layer in thickness (Pig« 20, arc). 
It surrounds the central column of tissue, the columella, consisting of large cells, 
which extends through the urn of the capsule into the operculum. The peristome 
teeth are organized from the single layer of cells corresponding to the outermost 
layer of the endothecium at the level of the annulus. 
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The archeHporium by division and redivision of its cells forms the sporogenous 
tissue, six to eight cells thick (Figs. 21, 22), the cells of which later round up and 
form the spore mother cells. These by reduction division give rise to tetrad of 
spores (Fig. 2li). With the development of the spores, the superficial cells of the 
columella adjoining the urchesporium degenerate to form the spore chamber. The 
two outermost layers of the endothecium, however, persist uj> to the time of forma- 
tion of the spores, thereby separating the air chamber from the spore chamber 
(Fig. 23). With maturity of the capsule these two layers are pushed towards the 
arnphithc.ciurn by enlargement of tlie .spore chamber, and ultimately degenerate. 
In the meantime the two inner layers of the amphithocium also degenerate, the 
cells of the outer layta‘ become large and show thickening of the outer tangential 
wall. 

The f)eristome initials by anticlinal division form long narrow cells, the outer 
and inner walls of which become thick, the radial w'alls remaining thin. With 
maturity the cell Contents disappear and the tissue splits along ihe radial wall to 
form the peristome teeth. 

The base of the capsule, contributed by the seta, the apophyses, consists of a 
mass of polygonal cells full of chloroplasts: a few stomata are fourifl scattered on the 
.surface (Fig. 24). The amphithecaal cells also contain chloroplast.s when the capsule 
is young. 

{(i) Morphology of the mature capsule , — The mature capsule is siibcylindric. 
2 mm. long, brownish red in colour, exerted on a long thin seta, red in colour, 8 to 
10 mm. long. Columella attached to tlie base of the operoiiluni. The operculum 
carries a jwirl of the e.olumclla with it at the time of dehiscence. The operculum is 
conical \s.dh long oblitpie beak, calyptra hood-shaped, covering almost half of the 
capsule (Figs. 25, 25a). Peristome teeth are sixteen in number, each of w^hieh 
divides to form thirty^-two long, membranous, filiform branches, reddish brown in 
(M)lour, bearing small rod-like thickenings throughout their surface except at the 
base (Figs. 25, 27). The peristome branches lie entangled with one another, spirally 
twiste<l, almost co veering the mouth of the urn when dry. In presence of moisture 
t he peristome teeth uncoil and become straight opening the mouth of the urn. 

(c) MeAOsis . — Study of reduction division of the spore mother cells reveals the 
presence of sixteen bivalent chromosomes at diakinesis and metaphase I (Figs. 
28-31). The bivalent.s are mostly rod-shaped, excepting two or three, which are 
sub.spherical (with two narrow chromatin extensions at either ends), and show size 
difference during diakinesis. The bivalents undergo further contraction taking 
up spherical and subspherical forms at metaphase I, and are strongly inclined to 
clump together. One heteromorphic pair was observed clearly in both diakinesis 
and meta phase I (Figs. 28, 29, 31), Disjunction of the bivalents are fairly normal 
during anaphase I (Fig. 34); though irregularities caused by early separation (Fig. 
32), late disjunction and non -disjunction of the bivalents resulting into distribution 
of unequal number of chromosomes at the two poles (e.g. 18 and 14) (Fig. 33) are 
also not of infrequent occurrence. Second division of moiosis is normal. Diad 
nuclei with more or less than usual sixteen univalents also undergo normal equa- 
tional division (Fig. 35) ultimately giving rise to spores with abnormal chromo- 
some complements. Tiiis may account for the occuiTenco of extrenu? .size difference 
of the spores, ranging from 6-6/x to 18-2/x, 

(/) ^porv germimtioa and development of gametophore , — The spherical brown 
spores with smooth thin exo8];)ore can be divided into three size classes: large, 
medium and small. Of these, the large sized ones {I8'2p) form 3%, medium sized 
ones (13*2/x to l6*5/i) 78% and small sized ones (6*5p to 9 t)/x) 19%. 

The spores germinate within 3 to 4 days in both solid and liquid nutrient media 
at room temperature (SS^^C.). A count of the percentage of germination reveals 
that 50% of the spores from a capsule germinate within the above-mentioned period. 
Of the remaining 50%, about 20% germinate wthin a week of inoculation and the 
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Figs. 2^36. Stages of meiotic divisions in tlio spore mother colls. Fig. 28, Diakinesis 
showing 16 bivalents. Figs. 29-31. Motaphase I top view, showing 16 bivalents; hetero* 
morphic pair = x . Fig. 32. Side-view metaphas© I, (lowing early movement of some of the 
ohromosomes. Fig. 33. Late anaphase I showing late disjunction of some of the bivalents 
and unequal distribution of chromosomes at the two poles (18 and 14). Fig. 34. Metaphase U 
showing 16 univalents at the two poles rospeotivoly. Fig. 36. Anaphase II showing normal 
flitting of the 1 1 univalents in one of the diad cells. The other cell is at late telophase IX stage. 
Fig. 36. Mature geunetophore with capsule. (Original mage, of Figs. 2^35 » x 3,900; 
Fig. 36 = X 8.) (Reproduced without reduction.) 
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rest do not germinate at all in most of the case^. On coming in contact with mois- 
ture tb<? spores swell and l>ecome turgid and green; mark^ increase in size by 
Hwelling duo to absorption of water was not observe<l (Brown, 1919; Chalaud, 
1932; Kachroo, 1954). 

On germination the endospore emerges as a papillate protrusion from one side 
of the spore (Fig. 37) which later develops into a filament (Figs. 38-41). Often 
germination takes plaice by development of more than one papillate projections of 
the endospore simultaneously or successively (Fig. 42). The initial filament (or 






5 ®! 




Figs. 37-50. Illustrating germination of sporo, development of protonema and gometo- 
phoro bud. Figs. 37-39. Germination of spore and development of chloronema. Fig. 40. 
Bnvnching of chloronema. Figs. 41-43. Development of rhizoid from sporo and chloronema. 
I*]*!?* 42. Development of more than one chloronema from a single sporo. Figs. 44-46. Forma- 
tion of terxninal and intercalary * spore-like bodies* or gammae and their germination within 
72 hours after supply of moisture. Figs. 47—60. Stages of development of gametophore bud. 
Fig. 47. Lateral brcuich with the first oblique wall. Figs. 48-60. Later stages delimiting the 
three-sided apical cell — ac and rhizoidal initial = W. (Original mags, of Figs. 37-46 = X 700; 
Figs. 47-60 ^ X 1,000.) (Reduced J in reproduction.) 
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jSlamenta) emerging through a smooth and regular opening of the exospore and 
containing abundant discoid chloroplasts is soon delimited from the spore by a 
transverse wall (Fig. 38). With further development of the filament strictly by 
transverse division of the apical cell, the exospore breaks and rents apart. When 
the filament is about 3 to 4 cells long, a second filament usually develops directly 
from the spore, or branches out from the filament (Figs. 41, 42, 43). These are 
pale green in colour and slender. Under suitable environmental conditions the 
chloronema develops rapidly and forms a much branche<^i protonema of considerable 
extent. Branching usually takes place by transverse division of lateral papillate 
projections originating from an intercalary cell (Fig. 40). The pale green narrow 
filaments give rise to rhizoidal system by branching ; their rate of development is 
slow in comparison to that of the protonema. 

Under suitable environmental conditions the protonema shows definite photo- 
tropic response. The chloronema growing horizontally on the surface of the agar 
medium gives out branches which grow upwards towards the source of light, where- 
as the pale green, narrow rhizoidal filaments are found to be negatively phototropic 
growing vertically downwards through the medium. Allsopp and Mitra (1956) 
recently report the occurrence of similar phototropic resj)onBe of the protonema in 
some mosses including the allied genera Tortula. 

In contrast to the spore germination types falling into different categories in 
Fuimria hygrometrica (Schoene, 1906), Physcomitrium turhinahtm (Case and Mayer, 
1950) and P. pyreforme (Kachroo, 1954), a uniform type of germination has been 
observed in the present case, o.g. the chloronema appears first followed by the 
rhizoid. 

In cultures of protonema on Benecke’s nutrient agar, Benecke’s nutrient 
solution was added in small amount at intervals of one week to maintain an 
adequate concentration of the nutrients and water content of the agar (Mayer, 
1942). This helped in the development of the garnetophore bud. In liquid culture 
media the development of protonema and appearance of garnetophore bud were 
not observed to take place. Under condition of draught caused by stopping the 
supply of moisture in cultures of prototiema on Benecke’s nutrient agar, terminal 
and intercalary cells of the chloronema undergo rapid transverse divisions giving 
rise to portions with small rectangular cells. These cells ultimately swell up to 
almost twice their original breadth and with thickening of their wall give rise to 
terminal or intercalary chains of spore-like bodies (Figs. 44, 45) which may get 
detached or remain intact. Restoring them to suitable supply of moisture, these 
bodies gave out papillate projections (Fig. 46) which develop into normal long celled 
protonenial branches within 72 hours. 

The development of the garnetophore bud takes i)lace from the protonema 
four months after the inoculation of the spores. A two to three celled lateral 
branch of the protonema increases in breadth and becomes somewhat pear-shaped 
(Figs. 47, 48). This is followed by formation of strongly oblique division walls of 
the two distal cells (Fig. 49). The apical cell by further formation of oblique divi- 
sion walls gives rise to the typical inverted pyramidal apical cell of the garnetophore 
having three cutting faces (Figs. 50 ac, 52 oc, 55). The inner cell is divided 
unequally by the first oblique division (Fig. 48). The smaller segment functions as 
the rhizoidal initial. The larger segment together with the three to four segments 
above (the distal cells not contributed by the three-sided apical cell) undergo no 
further division throughout the process of garnetophore development (Pig. 62). 
Development of the axis of the garnetophore takes place from the apical cell in the 
manner described above* Generally the leaf initial is diflFerentiated by a pericHnal 
division of the third or fourth segment cut off by the apical cell and gives rise to the 
lamina of the leaf. The first formed leaf is usually small and imperfect (Pigs. 62, 
63 J?). The young leaves elongate rapidly and become closely imbricated covering 
the growing tip of the axis (Pig. 51). This is followed by elongation of the axis 
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starting from fche bawo, thuH separatiner tho bavefl which show the typical trifltichouB 
arrangement (Fi^.'. H'A). 



Ftob. 51-62. Fig. 51. Uaniotopboro bud wiili closely imbricated young leaves covering 
tho axis. Figs. 52, 53. Gametophore after elongation of tho axis; showing the apical cell 
nc; primordial loav^es pr/; tho first formed leaf fl and rhizoids r. Fig. 54. A leaf; 
oosta CO. Figs. 65-56. L.S. of the apex of tlio axis showing inverted pyramidal apical cell 
tmd tho branch initials hri. Figs. 57-58. T.S. of mature leaf and axis; lamina — l\ costa ^ 
co; <louter colls de; hydroid hy; sterieds - st. Figs. 59-60, Young and mature brute 
botlios or propagiila. Figs. 61-62, Germinaticri of propagula and development of chloronoma. 
(Original mags, of Fig.s. 51, 52, 55 and 56 x 1,000; Fi}.r. 53 — x 140; Figs. 54 - y:40; Figs. 
57-58 — X550; Figs. 59-62 ^ X250.) (Koiluccd } in reproduction.) 

{(j) Regeneration of the giunetophorc . — Regeneration of the gametophyte takes 
place by varionn nieans: 

1. Brute bodies (Van I)er Wijik, 1932) — In mature plants one or more fila- 
mentous branches arise from a superficial cell (or cells) of the axis at the axil of a 
leaf. These branches become 8 to 10 cells long and give out branches of the second 
and third order. Two or three cells including the apical ceUs of these branches 
increase in volume, become deep green in colour with dense cytoplasmic contents 
(Fig. 59). These portions by further irregular transverse and vertical divisions 
form multicellular spindle-shaped bodies which at maturity become yellowish brown 
in colour, round in shape and thick-walled (Fig, 60). The mature bodies are usually 
made up of 12-14 cells, the length and breadth varying from 73-133/a and 34-4- 
43/i respectively. The cells on coming in contact with moisture give out papillate 
projections which give rise to much branched protonema and rliizoidal branches as 
ui the case of the spores (Figs. 61, 62). The Brute bodies germinate readily while 
still lying in penicilloid clusters at the axil of the leaf. In culture media, they 
germinate witliin forty-eight hours. Bartram (1949) has reported the presence of 
Brute bodies (propagula) in B, ernegeri and JS. orizabensis. 
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2. Regeneration of injured or uninjured leaf and axis of the gametophore by 
the development of protonema takes place readily in presence of moisture. The 
pattern of protonema development is, however, difl’erent. The rhizoidal filaments 
develop first from the cells of the mature axis, superficial cells of the costa, cells of 
the lamina and their margin, and especially from the injured leaves and axis. 
These pale green narrow rhizoids witli oblique transverse walls give out stout 
chlorophillose branches forming the protonema. 

3. Sometimes the rhizoids of mature plants give out stout, deeply chloro- 
phillose branches forming the secondary protonema. 

4. Usually after a long period of drought followed by a few showers, the apex 
of the axis of the mature plants elongates and bears partially developed leaves 
(Fig. 63). These portions usually got detached from the mother plants and give 
rise to new gametophores. 

5. Regeneration of capsule and seta was not observed to take place both in 
artificial cultures and under natural conditions. 


SrMMAHY 

The life-history of Barbuht indica Ih-idol. lias been Htudied in detaiJ. The erect yoUowisli- 
brown gametophores are laxly foliosti ut the base, with doflniU) trisiichous aiTangorneat of the 
leaves near the a])ox. Leaves are lanceolalo witli roenrvod margins and strongly developed 
costa. 

Tnuisvorso soctions of the axis show a narrow thin -walled central cylinder (hydroid) 
surrounded by thick walled cortical cells (steroids). T.S. of loaves show that tho costa is com- 
poRod of four deiitor cells surrounded by substereid colls. Tho lamina is ono cell in thickness. 

Tho mature capsule is subcylindric, exerted on a long thin seta; operculum conical, carries a 
part of tho columella at the time of dehiscence. Oalyptra hood-shaped. Peristome teeth 
thirty-two, long membranous, reddish brown, filiform branches are with rod-like thickenings on 
the surface, spirally coiled covering tho mouth of tho uni. 

Plants are dioecious, dovelopmout of the sox organs is typical as that of tho mosses. The 
club-shaped imtheridium and archegonium with a massive venter and long narrow neck have 
(list inct operculum organized at the tip. 

Tho sporogonium develops from two apical cells with three <;utting faces organized by the 
zygote where the first transverse division is followed by oblique divisions of tho two segments. 
The hypobasal apical cell contributes to the seta and epibasal one to the capsule. Spores show 
size difference 18*2/i). 

Sixteen bivalent chromosomes wore observed to be present in the dividing spore mother 
(jells. Presence of one heteromorphic pair was observed. Disjunction of bivalents was fairly 
normal though irregularities, e.g. early separation and non -disjunction, were also noted. Second 
division of meiosis was normal. 

Development of gametophore bud from the protonema takes place under suitable environ- 
mental conditions within four months of inoculation of tho spores on Bonooko’s agar medium. 
On germination the chloronema develops first followed by the rhizoids. 

Various modes of regenerations of the gametophore have been described. 
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ON THE BIOLOGY OP AURICULARIA AURICULA^JUDAE (LINN,) 
SCHROET. CAUSING ROT IN ELDER {8AMBUCUS NIGRA L.) 

hy Sachindranath Banbiwek, Department of Botany, Unwersity of Calcutta 
(Communicated by G. P. Majumdar, F.N.I.) 

{Received March 28; read July 25, 1957) 

Introduction 

Auricularia auricula- Judae (Linn.) Schroet., the common Jew’s ear fungus, is 
fairly distributed throughout the world and is found in both temperate and tropical 
regions. In Great Britain it is known to occur commonly on elders but more rarely 
on beech, elm, oak, walnut, willow, holly and Berheris arcuata (Rea, 1922). Besides 
Sambticus nigra, Poetsch (1877) lists a number of other plants, viz. Ailanthus glan~ 
dulosa, Elaeagnus angustifolia, Morus nigra and Robinia pseudacncia, on which it 
occurs. In India, it occurs commonly on logs of Shorea rolnisia and dead stumps 
and branch. cs of Psidium guyava and Ficus religiosa (Banerjee, 1947). Secretan 
(1833) divided the fungus into three varieties of which var. R. caraganae (Pers. 
Syn., p. 625) w^as found growing on a large dead branch of Lycium barbarum while 
the other two varieties were always found on Sambucu^H nigra. In Great Britain its 
fructifications are abundantly formed during the cold, w^ct months of November 
to February. It Ls often found in great cpiantity growing entirely saprophytically 
on trunks and branches without attacking the living trees but it is sometimes 
supposed to grow parasitically on elders (Ainsworth and Bisby, 1945). Thumen 
(1876) found it in autumn on two new substrata, viz. Acer negundo and HUnsctcs 
syriacus, and mentioned that in both cases the fungus grew luxuriantly on the 
healthy host Tunstall (1923, 1925, 1940) in Cachar, Assam (India), des- 

cribed it as the commonest wound parasite killing the branches of the tea plants 
and in time extending even to the roots, but he did not give any experimental 
evidence in support of his statement. Geneause and Kuenzel (1939) isolated it 
from the rotted heartwood of three living black walnut (Juglana nigra) trees but 
its etiological complications had not been established. Though a great deal of 
research work has been carried out on this fungus, its activities as a parasite on 
elder {8. nigra) and the amount of damage it causes in the wood are not yet com- 
pletely understood. With this end in view, an investigation into the nature of the 
disease, the amount of damage in the wood caused by it and the life-history of the 
fungus in culture have been undertaken. The data so far obtained are given in 
the following pages based largely from observations in the laboratory as well as in 
the field. 


The Elder: Its Economic Importance 

The common elder tree {Sambucua nigra L.), the natural host of the Jew’s ear 
fungus, is widely distributed in Great Britain, central and southern Europe, thriv- 
ing mostly in wasteland and in shady places in woods on many kinds of soil. Until 
recently, foresters and farmers regarded it as a plant of little value and as such it 
*was usually heavily cut down and destroyed by burning by the landowners. Al- 
though the flowers, fruits and bark of elder have been long recognized in medicine 
for curing various troubles, the plant has now practically lost its reputation as 
having considerable therapeutic value. In the country districts of Great Britain, 
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the bcrrioH are (N»rnmonly used to manufacture elderberry wine. Recently, Metcalfe 
(1948) haw {Kimicd out the economic importance of elder and ahowed that its wood 
is particularly nuitable for the preparation of watchmakers’ pegwood and high 
grades of charcoal. The sticks of elder pith are usually used in botanical labora- 
tories for holfling small specimenfl. Watch and other instrument makers use it for 
nuinipuluting small objects. It was only during the last World War that the prepara- 
tion and marketing of elder pith were imdcrtaken in Great Britain, as it was thought 
to be unwise to ignore the potential uses for any" raw material available in this 
couritry. Metcalfe further advocates the cultivation of elder for manufacture of 
pith, high grades of ( harcoal and timber suitable for making delicate objects and 
this might be undertaken profitably as a small-scale industry. 

Htsihjry ano Synonymy 

Auriculariu uuricula-J udae, the Jew’s ear or Judas’ ear, was well known and 
described at least iis far back as the end of the sixteenth century. Gerarde (1597, 
1633) mentioned and figured this fungus as 'Fungus Sambicinus, sine Auricula 
ladae, Icwes cuires’. f-iatcj*, Micheli (1728) described and figured the fungus as 
Agaricum Auriculae forma. It was mentioned by Linnaeus (1753) as Tremellu 
AuricAtlaria. Persoon (1801) described the fungus under the name l^remella Auri- 
cula Judae but Fries (1822-23) transferred it to the genus Exidia under the tribe 
Auricularae and described it as Exidia Auricula-Judae. Berkeley (1860) re- 
doscribed the fungus under the generic name Hirueola by wiiich it was known for a 
long lime. Schrootcr (1889) traiisferred it to Auricxdaria and this appellation had 
come into common use (Rea, 1922; Ainsworth and Bisby, 1945). Because of its 
widespread distribution, its ability to grow on many kinds of decayed w^ood and its 
great variety of shapes, sizes and colours depending on its age or the dryness or 
moistness of the surrounding atmosphere, it has been de^seribed from time to time 
as now species under various names as the following list of synonyms indicates. 

Barrett (1910) records the following: Trevidla Auricularia L. Sp. PI. 1157, 
1753. Peziza Auricula L,, ►Syst. Nat. ed. 12, 2: 725, 1767. Merulius auricula 
liotlc, Germ. 1: 535, 1788. Peziza Aaricula-Judae Bull., Champ. I: 241, 1791. 
Tremdla Auricula-x) udae Pers., Obs. Myc. 2: 93, 1799. Auricula sambucina Mart., 
FI. Crypt. Erl. 459, 1817. Exidia Auricula -Judac Fr., Syst. 2: 221, 1822. Auricula 
ampla Peis., in Froyc., Voy, 177, 1820. Exidia auricula Wallr., FI. Crypt. 2: 559, 
1833. Exidia ampla LiW., Ann. Sc. Nat, Bot. Ill, 5: 159, 1846. Hirueola auricula- 
Judm Berk., Outl. 289, 1860. Hirueola ampto Sacc., Syll. 6: 765, 1888. Auricul- 
aria Auricula- Jiulae Schrot., Krypt. FI.: Schles, 3: 386, 1889. Auricula ampla 
Kuntze., Rev. Gen. 2: 844, 1891. Auricula Auricula (L.) Underwood., Mem. 
Torrey Club. 12: 15, 1902. 

Barrett also (X)n8iders that in all probability Auricularia aurifomiis (Sohw.) 
Earle is the same fungus and, if it proves to be the same, several more synonyms 
should be added to the list. 

According to Moller (1895) both Laschia ddicata Fr. and L. tremellosa Fr. are 
synonyms of A. auricula-Judae. He found that it is common in Brazil. 


Thu Sporophorb 
(Plate XXVIII, figs. 1 and 2) 

Description 

Fructifications , — Sessile and attached by a point or sub-stipitate; erumpent; 
single or in groups; often imbricate; at first cup-shaped then becoming irregularly 
lobed or folded, sometimes auriform or conchiform; soft, gelatinous or cartilagen- 
ouH, semi-transparent, trembling when moist; dimension variable, about 1*5-9 J 
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-6 cm. when fresh; margin at first entire but somewhat lobed in older specimens, 
curling over the hymenium on losing moisture. 

Upper surface , — ^When young smooth, becoming tomentose with fine, short, 
sub-btdbous hairs with age; colour varies from Hay’s russet to Liver brown with 
greyish hairs which change to Olive brown, Benzo brown, Cimiamon drab or 
Fawn colour on drying, finally becoming Fuscous; irregularly veined and becoming 
wrinkled on losing moisture. 

Context . — Gelatinous or cartilaginous, becoming hard and horny on drying; 
at first whitish; about 1-2*6 mm. thick. 

Hymenial surface . — At first smooth, thcii venoso-plicate with age; colour 
varied, Hay’s russet or Greyish, Fawn colour to Army brown, often with a lilac 
tinge, becoming Fuscous or Fuscous black on drying, shining or dull with a whitish 
bloom. 

Ba^idia. — Elongated, <\ylindrical to somewhat fusiform, often slightly flexuous, 
transversely septate, forming a compact hymenium; storiginata four of unequal 
lengths, each developing from a cell of the basidium ; dimension al)out 65-85 (100) X 
5-7-10/x. 

Spores. — Hyaline; thick- walled ; smooth; oblong, cylindrical or curved; 
dimension about 17-22 x7* 10 /a. 

Tissue differerUiation . — In a cro8S-se(5tion of a mature IVuctilication, the follow- 
ing regions can be differentiated: (1) a compact hymenial layer, about 80-100/a 
thick, consisting of elongated basidia; (2) an intermediate hyaline zone making up 
the major portion of the context; about 1,000-2,000 {2,600)/a thick when moist; 
consisting mainly of hyaline, much branched, stainable hyphae embedded in a 
matrix formed of hyaline, non-stainable, gelatinized hyphae, mostly l-l*6/a, some- 
times up to 2-6/a across, with numerous simple clamp-connections, running more or 
less parallel but becoming closely interwoven below the hymenium forming a 
brownish zone, about 100/i wide; (3) an outer dark brownish compact zone of 
densely interwoven hyphae from which the hairs arise; variable in thickness; 
numerous dark brown, thick- walled, flexuous or contorted, isolated upright hyphae, 
about 7*6-10 (12)^ wide present; hairs thick-walled, septate, sub-bulbous, hyaline 
to pale yellow, pointed, rounded or truncated at the tip, about 6-8/a wide. 

The colours in all cases are according to Ridgway (1912). The fruiting body in 
itself is very characteristic and readily recognized in the field. The imbricate habit 
of growth, soft, gelatinous or cartilaginous, semi-transparent, irregularly lobed, some- 
times conohiform or auriform and sessile fruiting bodies are distinctive features. 
When young and in a moist condition, it is frequently turbine- shaped but with age 
in a rainy weather, it is greatly extended in size, becomes lobed and somewhat 
undulated at the margin and the lobes lying over one another. 


Dkoay of Elder 
A. Material 

The materials were collected in February, 1960, in the form of freshly cut 
infected trees of elder (S. nigra) with fructifications of Auricularia auricula- Jvdae 
from elder bushes in Hopetoun Estate, near Edinburgh, Scotland. The situation 
was somewhat shady, cool and damp and as such the fructifications of the fungus 
were found growing luxuriantly on decaying trunks and older branches of living 
trees bearing numerous young upright shoots. The trees were carefully selected, 
cut down and macroscopically examined in the field to note as far as possible the 
progress of decay in the wood. For further study, small sections from dififerent 
regions of the diseased trunk and branches were selected, brought into the labora- 
tory, examined and studied while in a fresh condition. Microscopic examinations 
of the rotted areas showed abundant mycelium within the tissues of the host* 
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B. Macroscopic characters of the rot 

The symptoms that are externally visible are the presence of numerous 
firucstifications (PI. XXVIII, fig. 1) of the fungus bursting open through the decayed 
or cracked bark of the trunk and rotting of the peripheral portions of the wood where 
the decay has advanced to a considerable extent. The bark of the decaying wood 
separates easily and often patches of whitish mycelium are present in between the 
bark and the decayed wood. With the exception of the green shoots, the fructi- 
fications are found all over the trunk. Cross-sections of the infected wood show 
tliat the early stages of attack are marked by the formation of small, incipient rot 
pockets at the periphery of the wood being bounded internally by a narrow, water- 
BOiiked, liglit yellowish or pale brownish invasion zone (PI. XXVIII, fig. 3). These 
gradually become broader and lighter in colour as the attack proceeds and may 
finally coalesce so that in an advanced stage of decay both sap wood and heart wood 
become light, soft, spongy and easily break up into sections. The bark comes 
away easily. In an advanced stage of decay, a cross-section of the diseased trunk 
shows a hollow central region (PI. XXVIII, %8. 4 and 6) surrounded by the partially 
decayed wood which is somewhat whitish and crumbling. The rots showing various 
stages of decay appear as brownish or pale coloured irregular areas (PI. XXVIII, 
fig. 4), witli small pockets which may or may not contain white material and in 
others these are reduced to a mess of wliitish or pale coloured fibres. Finally, the 
wood crumbles easily and thin sheets of conspicuous whitish mycelium are found in 
the shrinkage cracks formed along the grains of the wood (PI. XXVIII, fig. 6). 
Eventually, the rotten wo<xl falls into small flakes. The rot is confined to the 
trunk and older branches and does not extend into the young green shoots. 

C. Microscopic details of the rot 

In order to study the character and distribution of the mycelium in the infected 
wood, small pieces of sound and diseased wood were sectioned both freehand and 
with the microtome. The materials were first softened with equal parts of alcohol, 
glycerine and water and then transverse, radial and tangential longitudinal sections, 
16-18/x thick, were cut. Freehand-sections were, in general, found to be 
sufficiently thin to show the presence of hyphae in the tissue-elements but for 
detailed examination and successful photomicrography under high magnifications 
sections prepared with the microtome were particularly suitable to answer the 
requirements. 

Differential staining was made of the sections by the methods described by 
Hubert (1922) and Cartwright (1929). Of these, Cartwright’s safranin and picro- 
aniline blue were found to be most positive and satisfactory in rendering the hyphae 
visible and easy to manipulate. Since this technique has got certain objectionable 
features, such as the hyphae often become contracted and distorted and the preci- 
pitation of the granular masses of aniline blue on the hyphae due to over-heating, 
the modified method of Proctor (1941), by using dilute concentration and reduc^ 
amount of heat, was found to be very effective. The sections were ultimately 
dehydrated and mounted in balsam. 

The distribution of the hyphae in the decayed wood is fairly uniform (PL 
XXXI, figs. 21-26). At first the hyphae develop mainly in the medullary rays and 
to a certain extent in the vessels; in the wood fibres they are comparatively less 
numerous. The hyphae, which are all hyaline, vary greatly in tffickness, some 
ore wide with granular contents (2*6-3*6 /a across) and others quite narrow (1-2^ 
wide). The vessels are often filled up at places (PL XXIXI, figs. 21, 23, 26) with a 
weft of wider hyphae which are sparingly branched and with frequent simple clamp- 
connections (PL XXXI, fig. 26). In the narrower hyphae the clamp-connections are 
less numerous. The hyphae at first pass from cell to cell mainly through simple 
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pita of the thiok-walled ray cells (PI. XXXI, fig. 28) and simple or inoonspicnously 
boarded pits of the elements of the vessels (PI. XXXI, figs. 24, 26, 27). Later they 
directly penetrate the cell-walls by fine thread-like pegs or outg^wths, at length 
enlarging the bore-holes (PI. XXXI, figs. 29-31). In an advanced stage of decay the 
h 3 rphM become numerous and tend to become more abundant in the medidlary 
rays and in the wider lumina of the irregularly arranged moderately thick-walled 
wood fibres with rather infrequent, slit-shaped pits which are apparently simple. 
Much branched hyphae often completely fill up the lumina of the fibres (PI. XXXI, 
fig. 22). The penetration of the walls of the wood cells by the hyphae either shows 
no diminution in hyphal diameter (PI. XXXI, figs. 29, 31) or in case of wider hyphae 
their apices become attenuated into fine points (PI. XXXI, fig. 30). During penetra- 
tion the narrow hyphae are often clearly visible within the wider boro-holes (PI. 
XXXI, fig. 30) through which they pass. After penetration the hyphae thicken till 
they reach their mature width while the portion within the bore-holes remains exceed- 
ingly fine. The bore-holes, round or oval, become very numerous and are about 
l-2p across (PI. XXXI, figs. 29-31). Sometimes they coalesce to form an irregularly 
shaped hole. The bore-holes have smooth, moulded contours and are not irregularly 
ruptured or splintered. This indicates clearly that the dissolution has been 
caused by a solvent originating from a central point. This unmistakable stamp of 
chemical dissolution of the cell-wall by enzymic activity of the fungus supports 
Proctor’s (1941) theory of cell- wall penetration. At places, the bordered pits are 
eroded and become somewhat indistinct and transparent. The fibres become more 
conspicuous with spiral shrinkage cracks which radiate from the bore-holes and pits 
(PI. XXXT, figs. 22, 23). Similar spirally orientated cracks are sometimes found on 
the disintegrating walls of the vessels. Yellowish-brown staining of the cell- walls 
may develop in the vessels and medullary rays in an advanced stage of decay. A 
yellowish gum-like material is also present in the decayed wood. 

D. Micro-chemical studies 

Results of micro-chemical staining for lignin and cellulose in the sound and 
partly decayed wood are recorded here. This has been done by staining the sections 
of wood with phloroglucin-HCl for lignin and chlor-zinc-iodine for cellulose. The 
combination stain, Bismarck brown and Glentian violet, which differentiates un- 
lignified (brown staining) and lignified (violet staining) structures, has also been 
tried. Various other micro-chemical stains have also been employed, most of which 
agree closely with the changes indicated by the use of the above-mentioned stains. 
Although these micro-chemical stains are not infallible indicators of the chemical 
changes that take place in the wood, yet these are commonly used in such work to 
indicate the presence of lignin and cellulose and the results are presented in Tables 
1 and 2. 

Prom Tables 1 and 2 it will be evident that phloroglucin-HCl and Gentian 
violet indicate the presence of lignin in the primary and secondary walls of all the 
elements in the normal wood. Chlor-zinc-iodine and Bismarck brown stain the 
secondary walls blue and yellowish brown respectively indicating the presence of 
cellulosic materials in the wood elements. In the partially decayed wood the 
chemical changes indicated by the stain-reactions clearly show that primarily there 
is gradual delignification of the highly lignified parts of the secondary walls and as 
such the residual cellulosic materials show more intense staining reaction. The 
reactions do not indicate clearly the removal of cellulosic materials in the early 
stages of decay in the wood. It can, however, be said that the fungus attacks 
*lig^n more intensely than cellulose. 

Sections of normal and decayed wood corresponding to those used for micro- 
chemical stains have been placed on slides and treated with 72% sulphuric acid as 
Miggeated by Ritter (1926). Immediately, in the sections of both normal and 
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Remits oj ainining /or cellulaae and Hgniu in nonnal and pcurtially decat/e^I wood of elder tvith 
Bismarck hroim and Gentian violet respectively 


Elements 


Normal wood 


Decayed wood 




Fibrert 


Hay ooIIb 


Wood parf^uchyina 


F^rimary wallfl deep violet; 
Hecon<(ary walls partly light ! 
v’iolot but mostly yellowish 1 
brown around the lumen. | 

Fb'irrmiy walls deep violet; | 
secondary walls mostly light i 
violet, doo|>er near the middle | 
lamella, mostly yellowish j 
brown around the lumou. 

Primary walls violet; secondary j 
walls mostly light violet but 
partly yellowish. 

Primary walls deep violet; j 
st^condary walls light violet 
but partly yellowish. 


Primary walls violet; secondary 
walla mostly light yellowish 
brown. 

Primaiy walls violet ; secondary 
walls mostly pale violet but 
partly brownish, often deep 
brown at places. 

Primary walls mostly light violet 
but light brown at placos; 
secondary walls mostly pale 
brown or brown but occasional- 
ly pale violet. 

Primary walls light violet; secon- 
dary walls partly light brown 
at places. 


Tabi.k 2 

Nofymtl and det anul a ood of elder treated inth chlor-zhic-iodittr and phloroqlncin- 

hUd for staminy cellulose and lignin res peciit^ely 


Elements 


Normal wood 


I 


Decayed wood 


V’‘es«elH 

Fibres 


Hay cells 


W ood paren ohyi na 


Vessels 

Fibres 


Ray t ells 

Wood parenchyma 


Cellulose (ehlor-zinc- iodine) 


! Secondary walls often faint blue “ 
I around the lumen, I 

Secondary walls faint blue parti- | 

cularly around the lumen, i 

! often partly so, 
j Secondarv walls partly faint 

I blue. 

! 

I Secondary walls partly faint i 

i blue. 


Secondary walls faint blue. 

Secondary walls partly or mostly 
light blue, occasionally in 
groups partly or entirely blue. 

Secondary walls mostly light blue 
or blue, primary walls light 
blue at places. 

Secondary walls pale blue at 
places. 


Lignin ( phlaroglucin^ffCl) 


! Primary walls red; secondary 
j walls light rod or pale pink to 
I almost colourless. 

Primary walls deep red; secon* 
dary walls light red, often pale 
pink near the lumen. 

Primary walls deep red; secon- 
dary walls red to light red. 

Primary walls deep red; secon- 
dary walls red. 


Primary walls red to pink; secon- 
dary walls pink to colourless 
when broken down. 

Primary walls red; secondary walls 
light red but somewhat colour- 
less near the lumen. 

Primary walls itid; secondary walls 
light red to pink. 

Primary walls red ; secondary walls 
light red. 
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decayed wood, the cells swell considerably and there is much distortion throughout 
the tissue-elements. The middle-lamellae are torn apart, the elements are isolated 
in groups and the medullary rays become much convoluted in appearance. This 
violent action during the process indicates the presence of considerable amount of 
cellulose in the cell-walls of both normal and decayed wood. The swelling of this 
cellulose preceding dissolution forces all the elements apart in the wood. Though 
not conclusive in itself, this test at least indicates the presence of much eelluloae in 
the wood partially decayed by the fungus. 

Culture Studies 
(a) Spore and tissue cultures 

The initial cultures were made by the use of spores and from portions of the 
infected wood. Copious spore-deposits were obtained within a few hours from a 
fresh sporophore on 2*6% malt agar contained in the lower lid of a Petri dish, while 
a trimmed rectangular piece of the sporophore was fixed excentrically with the 
hymenial surface downwards to the inner side of its upper lid, and placed inside a 
moist chamber. The spores, thus deposited, were transferred ascptically to culture 
tiibes containing malt agar. The cultures were also made from partially decayed 
wood. Small bits of infectcKi wood were washed several times with sterile distilled 
water and flamed lightly in order to kill as many superficial spores as possible from 
the surface. A sterile scalpel was used to cut away the exterior portions and bits 
of wood piec/cs thus exposed were carefully inserted in malt agar tubes. These 
were then kept in an incubator at 23'^C. in darkness. In the coxuse of a week or so 
rnycelia grew out and these served as stock materials for sub-cultures, 

(b) Spore-germination 
(Plate XXX, figs. 15-17) 

The basidiosporea were obtained from fresh sporophores found on elder* The 
fruiting bodies continued to cast their spores for 48-72 hours and spore-deposits 
were obtained on sterile slides contained in a Petri dish. Germination tests were 
made with these spores in hanging drops of water in the usual way and also upon 
2*5% of malt agar and potato-dextrose agar in Petri dishes. Different samples of 
distilled water and tap water were tried. These were kept in darkness at constant 
temperatures of 18°C. and 23®C. in incubators and in diffused light and room- 
temperature (23°C.-26®C.). 

On all agar media germination occurs within 12-18 hours under all the different 
conditions of light and temperature. The room-temperature and diffused light 
have been found to bo more suitable for direct and rapid germination. The one- 
celled spores (Text-fig. 1, a) germinate by producing long, thick and stout germ- 
tubes only either at the opposite ends or from the sides (T?ext-fig. 1, d, c). When 
one germ-tube is produced, usually its protoplasm migrates into the tube and with 
its gradual advance 1, 2 or 3 septa are successively laid down within the empty 
spore-case (Text-fig. 1, /). This process may be continued even in the newly 
formed hypha where a few empty hyphal cells can be differentiated at the base from 
the terminal portion which is filled up with densely granular protoplasm, A spore 
may form two germ-tubes (Text-fig. 1, d) simultaneously at opposite ends, of which 
one soon takes the lead and the whole protoplasm of the undivided spore retracts 
from the opposite side and migrates into the more actively growing germ-tube 
followed by successive formation of septa towards the opposite end within the 
original spore-wall. Sometimes the spofe is at first divided by a wall into two 
cells, each producing a separate germ tube. Occasionally, when two germ- tubes 
•are produced the protoplasm splits up in the middle within the spore-case and as it 
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mores into the germ-tubes two walls are laid down within the spore forming an 
empty cell at the centre (Text-fig. 1, A). Subsequent growth gives rise to luxuriant 
mycelium in all cases. 
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In water two kinds of germination have been observed. At I8®C. the spores 
usually become divided into 2-4 cells from each of which one or more short or slender 
outgrowths are produced. These give rise to single or clusters of sickle-shaped or 
hoof-like conidia at the apices (Text-fig. 1, 6, c). At 23°C. the spores not only 
bear conidia from their sides but some of them germinate by producing much 
branched germ-tubes l^aring clusters of conidia at the apices of short lateral 
branches (Text-fig. 1, i). Occasionally, however, one or two cells of the spores 
germinate by germ-tubes while others produce only conidia. Brefeld (1888) was 
the first to study the germination of the spores in Auricularia auricuUt-Judae in 
water and culture solution but he did not mention about the exact conditions under 
which the spores germinated. He stated that by using a richer and more con- 
centrated culture solution, the spores divided rarely and produced luxuriant 
mycelia. In the present investigation similar results were obtained on agar media 
under different conditions of light and temperature and the spores also remained 
undivided but most often each was divided into 2 to 4 cells. In water, on the other 
hand, he obtained germination by the production of conidia on short side branches 
from each cell of the divided spore but in the present study long, much branched 
germ-tubes bearing clusters of conidia at the tips of short lateral branches could be 
obtained as a result of germination in water at 23°C. It can, however, be said that 
low temperature and water favour germination by the production of conidia on 
short outgrowths from the side of the spores while in dilute culture solution and in 
water at a comparatively higher temperature long germ -tubes bearing conidia can 
be obtained. Solid nutrient media, on the other hand, inhibit the production of 
conidia and favour direct germination to form luxuriant mycelium under all 
conditions. 

(c) Mycelium in culture 

The mycelium of Auricularia auricula-Judae isolated from the decayed wood 
as well as the polysporous mycelium were grown in culture and their characteristics 
studied on the different media, viz. potato-dextrose agar and 2-6% malt agar. 
Culture tubes 6" x f * in size were used for the study but for determining the rats* of 
growth, they were grown in Petri dishes. All cultures were kept in darkness in 
different incubators at 18°C. and 23'’C. respectively. In order to maintain the 
experimental conditions as constant as possible small pieces of inocula (about 3-4 
mm. in diameter) were taken from young cultures and placed with upside down- 
wards upon the medium in culture tubes and Petri dishes, each containing 
approximately 20 c.c. and 30 c.c. of the medium respectively. The pH values of 
the media were so adjusted that after sterilization each had pH 6 2. The colour 
exhibited by the mycelium has been expressed according to Ridgway (1912) and 
terms used to describe the texture of the mat are those of Long and Harsch (1918). 
After a comparative study it was found that the isolates and the polysporous 
mycelia are identical in cultural and microscopic details. 

(1) Oxidase teats 

The oxidase test as described by Bavendamm (1928) was made by growing 
the fungus in Petri dishes on 2-6% malt agar containing 0-6% gallic or tannic 
acid and kept at a constant temperature of 23°C. in darkness. Being a white rot 
fungus dark brown rings due to the presence of oxidase appeared within 24 hours. 
The intensity of reaction was, however, mild on gallio acid medium and the diameter 
of the ring was only 20 mm. even after 168 hours of inoculation. Another method 
to distinguish white rot fungi from brown rot ones (Preston and McLennan, 1948) 
was tried by growing the ^gus on 2*6% malt agar containing 0*007 per cent 
Gentian violet. The fungus gave positive reaction and partially bleached the violet 
colour of the medium below the mat but about 6 weeks’ incubation wae necessary 
before definite results could be obtained. 
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( 2 ) Cultural characteristics 

AurictUaria auricula- Judae (Linn.) Schroet. 

(i) Habit of grcnatk (PI. XXX, figs. 13, 14). — On potaio-dextrose agar the growth 
was very slow at the beginning and at the end of a week after inoculation thin 
cottony mycelium appearixi over the inoculum with a narrow (1-2 mm. wide) 
appressed growth over the surface of the slant. In about 10-12 days the inoculum 
turned sub-felty to felty but the mat proper became differentiated into a central sub- 
felty zone and an appressed, colourless and fimbriated zone of advance. As the 
growth advanced the (xuitral zone remained sub-felty as before but gradually thinned 
out towards the upjx^r end of the slant and became raised and cottony to silky towards 
the lower end. After three weeks the mycelium covered the whole surface of the 
slant and the mat became felty and homogeneous but with a few raised lumps of 
mycelium arouiul the inoculum. Tlie surface of the mat gradually turned tough, 
roiigli and nodulose at places. A thi(;k skin was ultimately formed and its surface 
was mostly rugnlose but pulverulent at places. At 23°C. the growth was somewhat 
similar hut more rapid and condensed with wider fimbriated advancing zone. The 
texture of the mat early became cottony-wxiolly which later turned felty and the 
.silky nature of the mycelium towards the lower end of the tube was more 
pronounced. The upper end of the mat, instead of becoming thin, was raised and 
cottony. Finally, tufted and felty patches of mycelium were distributed over the 
ruguloso surface of a thi('k skin. On mn/t agar at both temperatures this habit of 
growth was more or less similar to that on ])otato -dextrose agar but in the former it 
was more vigorous, rai.sed, \oohc and woolly and the advancing zone was loss distinct. 
The mat proper instead of being rugnlose turned pulverulent with age. In all 
eases colour r)f the medium turned yeliowish in about 10-15 days after inoculation. 

(ii) Colour, — On poUUo-dtxtnm agar the mycelium remained white throughout 
but at 23®C. pale Salmon colour developed towards the lower end of the slant in 
about a month after inoculation. On malt agar pigmentation of the mat became 
evident in about a month «and the shades included Pale Pinkish cinnamon and Light 
Pinkish cinnamon. At IB'^C. colouration was more pronounced and was restricted 
to the central part of the mat. 

(iii) Rate of growth, — The rate of growth, both on potato-dextrose agar and 
malt agar and kept under identical conditions as stated before, was rather very 
slow and the daily increment in diameter of Petri dish cultures was determined. 
The radial growth in all cases was unequal and as such average measurements were 
taken. On malt agar at both temperatures the daily increment of growth varied 
between 2 6 and 3 mm. while on potato-dextrose agar it was only 2-6 mm. 

(iv) Hyphal characters: 

Aerial mycelium, — (a) Wider hy|)hae, about 2-3/x. wide, more or less straight or 
slightly flexuous, septate, distantly branched, with frequent clamp-connections, 
clamp-connections often developing into new hyphae, with yellowish brown granular 
contents; (h) profusely branched, hyaline to yellowish browm, narrower hyphae, 
about 1-2/i aeix)ss, usually highly flexuous, sometimes slightly so or more or less 
straight and witli numerous clamp -(‘onnections. 

Submerged mycelium, — (a) Wider hyphae, about 2*6-6ft across, sometimes up 
to 7-6/i wide due to .swelling, septate, flexuous, profusely branched, irregularly 
swollen presenting a somewhat gnarled appearance, often constricted, with yellow- 
ish or brownish granular contents, branches often clustered, clamp-connections 
present but infrequent; (h) hyaline, thin -walled narrower hyphae, about 1-1*6 (2*6)fi 
across, usually slightly flexuous, sometimes straight and unbranched for a con- 
siderable distance, usually sparingly branched, with clamp-connections almost at 
every septum and with highly granular contents. 
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(d) Production of fruit-bodies in culture 
(Plate XXTX, figs. 7-10) 

Several unsticcessful attempts were made to obtain fruit-bodies of Auricularia 
auricula- Judae on various agar media kept under different ooiuiitions of light, 
temperature and moisture. Barnett (1937) obtained fertile but atypical fruit- 
bodies on agar media but he did not mention anything about the exact conditions 
under which they were formed. Eventually, the medium for developing sporo- 
phores recommended by Badcock (1941) was tried with considerable success. Moist 
sawdusts of beech or spruce with 5% Bnxlcock’s accelerator was used in Petri dishes, 
test-tubes (20x4 cm. and 15x2 cm.) and Badcock’s apparatus and the various 
devices recommended by him (1943) were tried. After sterilization the media were 
inoculated by the isolates of the fungus and the cultures were kept in darkness at 
room -temperature (18°0.-21°C.) inside a closed chamber in Avhich a modprately 
high humidity was maintained. Subsequently, when mycclia made a vigorous 
growth and covered the surface of the medium or reach(Kl the ends of the tubes, all 
the cultures were removed and placed in strong diffused light on a table about 8 
feet from a large window of the laboratory. 

Although a dense, white mycelial growth covered the entire surface of the 
sawdust medium in Petri dishes, fructifications did not ap{M?ar in any one of them 
even in cultures 3-4 months old. At this stage the lids of the Petri dishes were 
removed and the cultures were kept covered under a moist bell-jar near a window 
at room-temperature. Within 24 hours small fructifications began to appear 
rapidly at the rim of the Petri dish and they were about 8 mm . in diameter within 
48 hours (PI. XXIX, fig. 8). The fructifications gradually enlarged, at first resu- 
pinato, but later became typically reflexed (PI. XXIX, fig. 7). Sections of 
such a well-developed fructification revealed a well-developed hymenium with 
normal basidia and viable basidiospores. Similar fructifications were also obtained 
in tubes after a period of 2-3 months. When the mycelium completely filled the 
tubes and became compact, the plugs were removed and each was supported in an 
inclined position in between two lids of the Petri dishes, the lower being filled with 
water. A thick pad of absorbent cotton-wool was placed within the mouth of the tube 
and was never allowed to dry out. Within a few days when vigorous surface growth 
developed, the pad was gently pushed down so as to touch the medium. Irregular 
fructifications began to develop within the tube and this irregularity was probably 
due to limited space within the mouth of the tube for their development. In 
Badcock’s apparatus, fructifications also began to appear within the flask at the 
rim of the tube (PI. XXIX, fig. 10) after 3-4 months but their growth was very slow 
and somewhat irregular. This was in all probability due to limited space within 
the flask and possibly owing to absence of ultra-violet light or too high a humidity 
as pointed out by Badcock (1943). 

Dboay Rbsistanob Tbsts in thb Laboratory 

The natural resistance to decay of wood block samples of elder was tested in 
the laboratory. The process in general involved in exposing small sterilized samples 
of elder to the attaek of Auricularia auricula- Judae growing in pure culture under 
controlled conditions and the amount of decay due to fungal attack was estimated 
by measuring the loss in dry weight. Various methods were suggested and 
durability tests on different timber were made by previous workers but the method 
used by the writer was as follows. Small test-blocks were cut and planed to x 
square and 2" long with the long axis parallel to the grain of the wood. In all 
cases clear material, free from defects were taken. To find out the actual loss 
from decay, the test-blocks were serially numbered on all faces and were dried in an 
oven at W®C. to a constant weight. The blocks were thpn. thoroughly soaked in 
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distilled water, pa* in Roux tubes with water at the bottom, plugged and sterilized 
at 15 Ib. pressure for 10 minutes. The object of this was to sterilize the wood blocks 
in a saturate!! atmosphere so that little loss of water could take place fiom the 
surface of the wood blocks and consequently lesser time was needed for sterilization 
as pointed out by Chidester (1937, 1939). These blocks were then aseptioally 
taken out mui exposed to vigorously growing cultures of Aurtcularia auricula- 
Juiae, in l.OtX) c.c. Erlenraoyer flasks, each containing about 250 c.c. of 2-5% malt 
agar. These flasks, each containing 6 samples of wood, were kept at a constant 
temtMjratiire of 23°C. in darkness. Within a month, all the surfaces of the wood 
blocks were covered with smooth, white and felty mycelium but on the surface of 
the medium the myo.elium formed a compact rugulose mat with shades of Light 
Vinaceous cinnamon to Vinaceous cinnamon mixed with white, raised and felty 
areas. In order to obtain a significant loss in weight the periods of exposure to 
fungal attack were 4 months and 8 months as recommended by Cartwright and 
Findlay (1946). After completion of the tests the flasks were opened, the super- 
ficial mycelium was carefully removed without damaging the woo<i blocks, weighed 
and oven dried in a similar mamier, the resulting weights compared with the original 
and the y)ercentago loss on dry weight of the sound wood was calculated (PI. XXX, 
figs. 18, 19). The results are shown in Table 3. 


Tabi/E 3 

t-U»t of compariaon of loaa per cent in dry weight of teood hlorka of elder exposed to 
Aiiriciilaria aurioula-Judae after 4 and H months 


Months 

Number of 
roplicatos 

Moan loss 
in dry wt. 
{%) 

1 

i 

S.E. 

t 

Probability 

4 


12-3 

±0-89 

8*66 

<•01 

8 

12 

1 

26-4 

±1-23 

<•01 


Table 3 shows that the average losses in weight of elder wood in cultures, due 
to Atiricularia aurievia-Jvdae, are l2-3±0-89 and 26-4±l-23 after 4 and 8 months 
respectively. When the respective values of the loss in weight in 4 and 8 months 
are compared, the loss in weight after 8 months is nearly twice of that after 
4 months. The loss is highly sigmficant with a t = 8-66, for 22 degrees of freedom. 
The test-pieces have lost a high percentage of their original weight and, therefore, 
the wood has low resistance to decay. Findlay (1938) has classified the timber 
which he tested into five groups in response to their natural resistance to decay and 
accordingly elder wood falls under his ‘non-resistant’ group as this class undergoes 
average losses 10-30% during 4 months’ test. 

The moisture-contents of the wood blocks at the commencement of the experi- 
ment and 4 and 8 months later were determined. The average moisture-content 
of the wood blocks before they were exposed to fungal action was 98-3% while that 
after 4 and 8 months’ tests were 94% and 83'4% respectively. No attempt was 
made to control the exact moisture-content during the experiment, but it was 
necessary only to find out whether the moisture-content was above the fibre- 
saturatioii-poi^t or not for the activity of the wood-rotting fungus in bringing about 
the loss as pointed out by Cartwright and Findlay (1945). 
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Inoculation Expbrimbrts 


Inoculation experiments were carried out with cut twigs in the laboratory and 
also with living trees in the field. In the former case ^e method followed by 
Brooks and Moore (1923) was followed. In this experiment young twigs of 8. 
nigra, about 4' long, were kept with their ends in water. Their upper ends were 
out off and spore-suspensions of Aurieularia auricula- Jiidae in sterile water were 
applied to the freshly exposed surface and never allowed to dry out. These were 
then placed under a moist bell-jar at 23®C. in darkness. Longitudinal sections were 
made through the inoculated ends of the twigs at intervals of 24, 48, 72 and 96 
hours after the spores had been added. Sections cut after 48 hours show that the 
majority of the spores had germinated on the surface and had sent hyphae down 
into the elements of the wood ultimately forming a vigorous mycelium in about 
96 hours. Since these twigs could not be kept in an actively growing condition, 
their invasion by Aurieularia auricula-Judae could not be regarded as an evidence 
for its parasitic action on trees. Nevertheless, it can be said that, if by chance the 
spores somehow alight on the surface of the wound, they can germinate on the 
surface under suitable conditions producing germ -tubes which in some way pass 
down into the elements of the wood. 

Field inoculations were started on healthy living trees of Sambucua nigra and 
Sambucua racemosa in April, 1960. The trees inoculated were either young, about 
2 to 3 years old or much older and were growing in a woU-lighted open situation. 
In the latter case only the lower branches were inoculated. Inoculations were 
made at different times of the year for a period of ten months (March, 1960 to 
January, 1961). The operation involved was to make a cross incision through the 
bark and the branches were inoculated by transferring actively growing mycelium 
into the wound by carefully lifting a flap of the bark still attached to it. In case of 
a very young twig longitudinal triangular incision was first made upwards through 
the outer skin in order to obtain a flap of the skin still attached to it. The inoculum 
was then placed into the wound under the flap. Before inoculation the surface of 
the twig was wiped out with absolute alcohol and subsequently washed with sterile 
distilled water in order to free the surface from contamination as far as practicable. 
Each fiap was then covered with moist absorbent sterile cotton-wool with a piece of 
thick paper over it to prevent drying out and firmly bound with a string. Two types 
of inocula were used for this experiment and these were taken from monosporous and 
dicaryotic mycelia made available for the purpose. At the beginning, twelve 
inoculations with monosporous and dicaryotic mycelia were made, six of each, 
keeping adequate controls. In case of Samhucus racemosa only three inoculations 
with each type of mycelium were done on the skin with controls below. The string 
and the cotton-wool were removed after a month and the inoculated branches were 
left exposed in that condition. At this stage no external sign of infection was, 
however, visible. 

After about four months the trees were again examined and it was found that, 
in all cases, both 8. nigra and 8. racemosa seemed to have taken up the infection 
(PI. XXIX, figs. 11, 12). The wounds were gaping open and somewhat swollen only 
in case of 8. nigra. The invaded wood was discoloured and somewhat dark brown 
in colour. The controls remained fiat and there was no such discolouration of the 
wood below the bark. After about 8 months the infected wounds became more 
conspicuous and there was considerable amount of swelling around the wounds in 
case of 8. nigra but no such swelling was observed in 8. racemosa. At this time no 
fruiting bodies of the fungus were formed and there was no other indication of 
decay. This was only to be expected owing to the very slow growth of the fongus 
even when grown on culture media under favourable conditions. As there were 
no other external efifects of inoculation the internal conditions of the* infected 
'branches were examined microscopically. Mycelium was found within the tiBSues 
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of all the branches inoculated. It was, however, not uniformly distributed within 
the tiftsues of the host. In both S. nigra and S. racemosa, the hjrphoe were present 
in the bark and living cortex but especially abundant in the peripheral portion of 
the wood. The |)ith and inner layers of the wood were without any trace of hyphae. 
In the cortex, th(i hypha(3 ramified through the intercellular spaces but were also 
found penetrating tJio living colls. They spread more rapidly through the vessels 
in a longitudinal direction than in the cortex. Penetration in the transverse direc- 
tion was rather slow. Very little can be said at {)resent as to the ultimate effects 
produ(!(^d by the advanced mycelium and the greatest distance to which the 
mycelium had penetrated into the wood from the point of infection. It may, how- 
ever, be said that- in case of S. nigra the hyphae traversed about half an inch in 4 
months and to about an inch in 8 montlis from the point of infection in longitudinal 
direction while in S, racemosa this was much less being 8 mm. in about 4 months. 
All thes(' poifit to tiie fact! that Anricularia auricxtla-Judae under conditions favour- 
aide to infection is able to infect elder trees. This was furtluu- confirmed by re- 
isolating the fungus from different infected lesions. 

Another s<>t of ex|K^rimont8 was started in October, 1950, when young twigs of 
S. nigra were inoculated with diearyotic mycelia. After a period of 4 months 
these wore examined and positive results were also obtained. On the whole, no 
ditfercnct'f was noted between inoculations with rnonosporoiis and diearyotic 
mycelia. 

Discussion 

A study on Aaricularia a uricula-J udae and its effects in the living trees and on 
HtoriliztMl wood blocks make it possible to discuss in general some of the salient 
points regarding the ndations that exist between the fungus and the host. Fructi- 
fications of th(5 fungus are (!omm()nly found to grow on the trunk and older branches 
of living <jlder trees {^amhnem nigra) and, as such, the fungus is often supposed to 
be a parasite. At present, there exists some clifiFerence of opinion among the 
investigators legarding the definition of a true parasitic wood-rotting fungus. 
According to some, purasib's are tho.se fungi which grow upon living hosts while 
others regard those as parasites which actually derive nourishment from the living 
tissiu^s of suoli luxsts. Therefore, in order to determine whether a wood-rotting 
fungus is strictly parasitic or not, it is essential to find out the presence of living 
elerneritvS witliin tlie tissues invaded and whether the fungus actually attacks and 
destroys such (^ells. Microscopic examinations of the different regions of elder 
wood shows that the orily living elements in the sapwood are the parenchyma cells 
filled with starch grains while the fibres and the cells constituting the vessels have 
already died. In the heartwood, on the other hand, the elements are all dead and 
the food materials have been transferred out of the parenchyma cells during the 
process of maturation. It is, therefore, not imperative that a fungus attacking the 
sapwood would necessarily invade the living parenchyma cells, since the ultimate 
death and disintegration of such cells may be incidental during the process of diges- 
tion of the dead elements of the wood by the activity of the fungus. 

Inoculation experiments on healthy elder trees (/S. nigra and 8. racemosa) with 
Anricularia auricula- J udae carried out in the field have shown that the fungus can 
invade living tissues of the cortex through wounds in the bark and the cambium is 
kille<J at the place of infection. The mycelium is both inter- and intracellular. In 
.such cases the progress of decay would be from the bark to the woody portion of 
the stem. The course of infection, however, depends entirely on the initial point 
of infection, w^hether on the injured bark or on wounds due to cutting down of the 
branches. It has also been experimentally proved that under controlled conditions 
the spores of Auricutaria auricula- Judae are able to germinate on freshly cut surfaces 
Of elder vwigs and can send down hyphae into the tissues of the host. lu such a 
(5ase, it is apparent that in all probability, the woody portion of the stem would be* 
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Htaoked first and the oasual agent after entering the host would spread fromTEe 
centre to the periphery of the stem. It has not been possible to study the progress 
of such an infection in the field. Prom the results of inoculation experiments, 
however, it can be 1 ‘egarded as a wound parasite killing the living cells of normal 
vigorous trees although the fungus shows a preference to grow in the wood deriving 
its food entirely from the dead w^ood elements and in extreme cases cause severe 
heart rots. 

Whenever fructifications of Auricnlaria auricula- J udcie were collected for this 
investigation, in most cases it was found to grow upon the stub of a broken branch 
or the old trunk of a living tree which was almost in the process of dying. In such 
cases, both sapwood and heartwood were particularly decayed. In some cases the 
sporophores were, however, seen to burst through the bark of living older branches 
borne on the decaying trunk and this may be regarded as a positive case of parasit- 
ism. Microscopic examination of the branch revealed the presence of mycelium in 
the living tissues and in the sapwood from which cultures w'ere made. The bark 
became loose, separated easily and a mass of whitish mycelium was found in between 
the bark and the sapwood. 

During field study it has been observed that the tret^s at Hopetoun, which were 
growing in a shady, low and moist situation, were attacked by the fungus. Trees 
growing wild at other places on higher land have been found to bo somewhat pro- 
tected from infection possibly due to lower humidity of the air which is unfavourable 
for spore-germination. It can, therefore, be assumed that the fungus does not 
usually attack trees of normal vigour but it would spread if the trees were un- 
favourably situated. It has already been stated that the foresters and landowners 
regard elder as a plant of little value and as such its branches are usually heavily 
cut down at any time of the year forming open wounds. Tliis also has been the 
fate of the infected ti ees at Hopetoun and as such A uricularia auricula- Judae. being 
a wound parasite possibly entered through tliese wounds and brought about infec- 
tion. The fungus is common there as a saprophyte on dead branches and during 
November to February forms fructifications. The spores, after being shed and 
carried away by the wind, alight on the cut surfaces of the branches or on wounds 
in the bark and bring about infection under favourable conditions prevailing there. 

The amount of damage in the field caused by Auricularia auricnla-Judae has 
not, however, been determined. Experiments on durability tests on elder samples 
carried out in the laboratory have shown that elder wood is ‘non-resistant^ to decay 
due to Auricularia auricula- Judae, since this class suffers average losses in weight 
from 10-30% during 4 months’ test. There is no doubt that this loss is quite 
significant and such injuries would cause serious deterioration in the quality of 
the wood. 

Summary 

1. Auricularia auricula- J udae, bocaiise of its wide raiigo of distribution in the temperate 
and tropical regions throughout the world and its adaptability to grow on a great variety of 
wood, is imdoubtedly responsible for the deterioration of large quantities of wood annually. 
Although commonly found as a saprophyte, it has been found to grow as a parasite on older 
(Sambwms nigra), 

2. The fructifications of the fungus have been thoroughly described and their peculiarities 
noted. They are readily recognized in the field by their soft, gelatinous, sceni-transpwirent, 
irregularly lobed, sometimes conchiform or auriform and sessile fruiting bodies, becoming hard 
and horny on drying. The firuit-body is composed of hyphoe showing numerous clamp- 
connections. 

3. Inoculation ex^riments on healthy standing trees of both S, nigra and 8, racemom 
carried out in the field have shown that the fungus, in both cases, can attack the living tissues 
through wounds in the bark but in all cases the growth of the mycelium has been very alow. 
The fungus, however, shows a preference to grow in the wood and in extreme coses causes severe 
heart rots. It has also been exp)erimentally proved that under laboratory conditions the sp>ores 
of Aturkularia amicula-Judae are able to germinate on freshly cut surfaces of young elder twigs 
and can send down hyphae into the tissues of the host. From the results of inocumion it can 
be regarded as a wound parasite on normal vigorous trees. 
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4, For this invaetigi^tion fructifications were found growing upon li\ring trunks and com- 
paratively older branohcMi of elder, usually bursting open through the decay^ or cracked bark. 
CkM» examination showed that the younger branches had been regularly cut down annually 
whereby open wounds wore exposed. Through these wounds the fungus presumably had 
infected the trees and ultimately attacked the heartwood, thereby rendering it unfit for com- 
mercial use. These trees, which were growing on a low, moist situation, were fotmd to 
be attacked with the fungus. Most species at other places growing on higher land were found to 
bo protected from infoction, possibly owing to lower humidity of the air emd the consequent 
poorer condition for spore 'germination. 

6. In the early stage of attack the fungus produces incipient rot pockets at the periphery 
of the wood but in an advanced stage of decay both sap wood and heart wood are attacked which 
are rendered light, soft and spongy, cosily breaking up into sections. The heartwood becomes 
hollow at the centre and the rotten wood eventually falls into small flakes. Thin sheets of 
conspicuous whitish mycelium are found in the shrinkage cracks along the grains of the wood. 
The distribution of hyphae within the decayed wood is fairly uniform, being particularly 
abiuidant in the medullary rays, and to a certain extent in the vessels in the early stages of decay. 
The clarap'conneotiona are more frequent in the wider hyphae. Bore-holes are numerous in the 
advanced stage of decay and the fibres and vessels are often completely filled up with mycelial 
wefts associate with yellowish gum-like material. 

6. Chemical changes in the wood during the process of decay have been tested with micro- 
chemical stains in common use. In the partially decayed wood the change consists primarily 
in gradual deligaiflcation of the highly lignified parts of the secondary walls of the elements and, 
as such, the residual oellulosic materials ^ow more intense staining reaction. 

7. Experiments on durability testa in the laboratory have shown that older wood is non- 
resistant to decay due to AuriciUarta au/ricula-Judae, since this class suffers average losses in 
weight from 10-30% during 4 months* test. The average losses in weight of elder wood in cul- 
tures have been 12*3% and 25*4% after 4 and 8 months respectively. 

8. Cultures of the fungus have been m»uie from spores and tissues of the decayed wood. 
Their characteristics have been followed on potato -dextrose agar and malt agar. In all isola- 
tions the cultures started in the same way and the average rate of growth on both the media has 
been slow and more or less the same, but a little faster on malt agar. It is a white rot fimgus as 
it gives positive oxidiise reactions on Bavendamm’s medium. 

9. Under ordinary conditions of light and temperature of the laboratory, typical fructi- 
fications of Aurioularia a%mcula-J udae bearing normal basidia and viable basidiospores have 
boon obtained in artificial cultures originating from the infected tissues of the elder. Various 
devicos adopted to induce the cultures to fructify have been described. Cultures on various 
agar media, however, have not fructified at all, 

10. The basidiospores have germinated readily in water and on agar media kept under 
various conditions of light and tomperaturo. In water at 18®C. they have germinated only by 
producing oonidia but at 23°C. many of the spores have given rise to much-branched germ-tubes 
boaring clusters of oonidia at the tips of short lateral branches. On agar media under all con- 
ditions, direct germination by producing germ-tubes has been observed. 
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Explanation of Plates 

Plate XXV 111 

Fig. 1. A group of fructifications of AuricuUma auricula- Judae on a dead trunk of elder (8, 
nigra), 

„ 2. A group of yoimg fruit-bodies of the fungus on the cut end of a stout branch the lower 

portion of which bore living shoots. 

Figs. 3 and 4. Cross-sections of the infected wood showing various stages of decay. 

Fig. 6. Longitudinal section of the wood showing the rot; the pi^ has been completely 
destroyed. 

„ 6. Mycelial sheets in between the shrinkage cracks formed along the grains of the wood. 

Plate XX JX 

Figs. 7-9. Fruotifications of A, auricula- Judae formed at the edge of the Petri dishes in 
artificial culture. 

Fig. 10. Irregular fhictifications formed at the rim of the test-tube within the flask. 

„ 11. Inoculated twigs of S, nigra showing the infection (right) and the control (left) after 
4 months. \ 

„ 12. Inoculated twigs of S, racemoaa showing infections after 4 monUis. 



I SI, BAN KKJEE : BIOIX>GY OF A. AURICULA^JUDAE (L.) SOHllOKT. 

PlaUXXX 

F'ln. 13, 21-dayii-ol*^l ctilturn of A. anricuZa-Jtuiae on malt agar at 23"C. in darknoas. 

♦ , 14. Cultures of tho funguB, 21 days old, on potato -dextrose agar and malt agar in darkness 

at 18 (u, c) and 23X\ (6, d) resj^tively. 

,, If). .Sjxu-es of A, auricuUi’Jtulae geimmating directly into inycelia on malt agar ( X 200). 

t'los. 16 iuid 17. Oorminating spores producing conidia ( x 800). 

Fia. 18. Wood block culturee of tho fungus, 30 days old, for testing decay resistance. 

,, ID. Wood blocks of older showing decay after 8 months* exposure to A. auricula- Judae, 

Plate XX XJ 

20. Part of a transverse section of normal elder wood ( x50). 

,, 21. Part of a transverse section of a partly decayed older wood; masses of hyphae are 

visible within the vessels ( x 60). 

,, 22. A general view of partly decayed elder wood in cross-section showing distribution of 

the hyphae and spiral shrinkage cracks within tho fibres ( X 50). 

,, 23. A general view of tho wood in transverse section in an advanced stage of decay show- 

ing masses of hyphae in the vessel, the boro-holes and spiral shrinkage cracks in 
tho fibres ( x 60). 

,, 24. A vessel with hyphae penetrating through tho bordered pits ( x 190). 

,, 26. A view of tho cross-section of a partly decayed older wood showing abundant hyphae 

within the wood elements ( x 225). 

,, 26. Wider hyphae with clamp-connections passing through tho pits ( x 460). 

,, 27. A hypha jxjaotrating the bordero<i pits and also the border part of a pit ( x 450). 

,, 28. A hypha passing through the pits of the medullary ray colls ( X 450). 

Ktos. 20 31. Coniplotod |>onotration of the coU-walls by the hyphae (Figs. 29, 31) after their 
emorgonce from tho boro -hole. The apex of a larger hyphae has become attenuated 
into a relatively fine point of considerably smaller diameter; it has reached tho 
middle lamella and is visible within tho bore-hole (Fig. 30) ( >;450). 


IsAuni Octobe/' 10 , 1957^ 












DEVELOPMENT OP THE SKULL IN CATFISHES 

Part 1. Development of Chondrocbaniom in *St7cmm, Pan . g(mvs and 

Ailia (SOHILBBIBAK) 

by H. R. Srinivasachar, Junior Research Fellow, NJ.S.I., Department of 
Zoology, Central College, Bangalore 

(Communicated by G. P. Majumdar, P.N.I.) 

(Received December 7, 1956 ; read August 2, 1957) 

INTRODIJOTION 

Siluroids form a large bulk of the order Ostariophysi and have undergone a 
number of interesting modifications in various directions. Very little work has 
been done on the development of skull in Indian catfishes. Bhimachar (1033) 
described the morphology of adult skulls of certain Indian catfishes. Karamlikar 
and Maaurekar (1954) have given an account of the Weberian ossicles and other 
related structures of Arius, Kumar (1955) published a short note on the skull of 
Eutropicthys. But no work has been done on the development of chondrocranium 
of any Indian catfish. 

McMurrich (1884), Wright (1885) and Ryder (1887) have given incomplete 
descriptions of the cranium of adult Amiurus, the skull of Ilypophthalmua and the 
chondrocranium of Ictalurus respectively. Later, Kindred (1919) described the 
development of skull in the same fish Amiurus. Others like Harry (1963) and George 
(1954) have added to our knowledge of African catfishes and of Clarias respectively. 

On the suggestion of Dr. L. S. Ramaswami, I have taken up the study of cat- 
fislies of India with a view to see if the crania] osteology would help in the 
systematica of the group and the present paper on the development of ohondro- 
cranium of Silonia silondia, Pangasiivs pangasiw and Ailia coila of the family 
Schilbeidae forms the first part of my study. 

Materiai. and Methods 

The developing fry of S. silondia, P. pangasius and A. coila were collected from 
Mahanadi river (India) and were fixed both in Bouin's fluid and in 4% formalir). 
The sections were cut at 10 micra thick and stained in iron haematoxylin, Delafield’s 
haematoxylin, haemalum and Mallory’s triple. The latter gave very good results. 
The following stages of each member have been studied . 



Head -length, 
mm. 

Body -length, 
mm. 

Remarks 

Silonia silondia Ham.: 

Stage 1 . 1 

20 

8'0 

Wax model 

Stage 2 . . . . 1 

2-5 

110 

Tremgverse sections 

Stage 3 . . 

30 

16*0 

T.S. 

Stage 4 . . 

3-6 

180 

Wax mode] 

Stage 6 . . 

4-5 

23*0 

T.S. 

PangaaitM pangasius Ham. : 




Stage 1 

2*6 

13*0 

T.S. 

Stage 2 . . 

Ailia coUa Ham.: 

30 

17*0 

Wax motlel 




Stage 1 

2*6 

13*0 

T.S. 

Stage 2 . . 

ZO 

16*0 

Wax model 
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Wax model reconstructions of some stages have been made to study the 
ohondrooranium. In addition, van Wijhe’s (1922) technique was adopted in some 
oi the stages for the sake of comparison. 

Observations 

Stage 1. The chondrocranium of Silonia ailondia 
(8 mm. stage; head-length 2 mm.; Pigs. 1 and 2) 

This is the earliest stage in which the chondrocranium has been studied. The 
chondrocranium at this stage is elongated and diflFers very much from the fully 
formed chondrocranium. 

Ethmoid region . — The ethmoid plate (Figs. 1, 2, bp) {trabecula communis), 
formed by the fusion of the trabeculae, is in the form of flat plate, tlie ends of which 
are slightly depressed in the region of the nasal sacs. The ethmoid plate does not 
possess lateral extensions forming a complete floor {solum nasi, Gaupp, 1906) for 
the olfactory sacs. Anteriorly the ethmoid plate rises in the form of a nasal septum 
which is slightly broad and does not extend posteriorly. The lamina precerebralis 
(lpo) or the so-called nasal septum forms the anterior boundary for the cranial 
cavity. The anterior part of the ethmoid plate does not extend in the form of 
ethmoid cornua which are quite prominent in the American catfish Amiurus 
(Kindred, 1919). The ventral surface of the ethmoid plate is slightly concave. 
The lamina precerebralis is connected with the orbital cartilages by means of a 
sphenoseptal commi8.sure (ssc). The olfactory foramen (Pig. 2, aof) is large and 
bounded in front by the lateral edge of the lamina precerebralis, behind by lamina 
orbitoruisalis (lon), dorsally by the sphenoseptal commissure and ventrally by the 
ethmoid plate. A thin lamina orbitonasalis is developed connecting each orbital 
cartilage with the ethmoid plate and possesses a cup-like socket ventro-laterally 
for articulation of the pterygoid process. The ethmoid plate continues posteriorly 
as the trabeculae (Pigs. 1, 2, to) and unites with the parachordal plate (Fig. 1, po). 



^ 09MM 

Fig. 1, Dorsal view of the chondrooranium of Silonia ailondia, 8 mm. stage (wax model). 

4ii 
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Fio. 2. Lateral view of the ohondrooraiiiuin of Silonia tUondia, 8 oun. stage. 

Orbito-temporal region . — ^The lateral wall in the orbital region is formed by the 
trabeculae ventrally and the orbital cartilages (Figs. 1, 2, OBO) dorsally. The two 
orbital cartilages are in the form of long plate-like structures slightly curved in the 
middle orbital region and join the sphenoseptal commissure in the ethmoid region. 
Posteriorly the orbital cartilages (alisphenoid of Kindred, 1919) are laterally com- 
pressed at the region where they unite with the auditory capsule (ao). The orbital 
cartilages are not connected by an epiphysial bar as noticed in 10 mm. stage of 
Amiurus (Kindred, 1919). 

The trabeculae which are seen extending from the antero-lateral comers of 
the basal plate are in the form of rod-like cartilages and enclose a large hypophysial 
fenestra (Fig. 1, fh). Anteriorly the trabeculae are united to form trabecula 
communis or the ethmoid plate. 

On each side in front of the basal plate, between the trabecula and orbital carti- 
lage, is a large foramen through which the optic, oculomotor, trigeminal, abduces 
and facial nerves pass from the cranial cavity. This fontan^e — ^the sphenoid 
fissure (Figs. 1, 2, sr) — extends nearly the whole length of the trabeculae in the 
chondrocranium . 

There is no lateral commissure or the pila antotica developed in this stage of 
the chondrocranium. 

Auditory region . — The auditory capsule at this stage is not completely formed 
except for a email wall in the anterior region of the capsule, and the cavity of the 
auditory capsule opens into the cranial cavity. The basicapsular fenestrae are 
absent. Anteriorly the cartilage of the auditory rbgion is continuous with tixe 
orbital cartilages. The three septs, septum semicircularis anterius, laterale and 
posterius, separating the semicircular canals of the internal ear are noticed in the 
auditory capsule. 

The hyomandibular cartilage (Fig. 2, hm) articulates at the ventro-lateral 
region of the auditory capsule below the bulge of the lateral semicircular canal. 
There is no projecting shelf from the auditory capsule in the region of articulation 
of the hyomandibula. The actual region of articulation of the hyomandibula is 
very small when compared with the extent to which the hyomandibula extends in 
the auditory r^on. The auditory capsule externally showe slight swellings for 
the accommodation of the anterior, lateral and posterior semicircular canals. 

Bawl pkUe and notwAord . — ^The basal plate is in the form of a shallow bowl in 
the centre of which passes the notochord. As stated above, the parachowl^ are 
frised with the auditory capsules, and thus the basicapsular fenestrae are eliminated. 
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The auditory capeulea are not joined by a tectum synoticum as seen in other 
teleosta. Posterior to the otic capsules the occipital arches are seen, and there is 
no pronounced demarcation between them. The glossopharyngeal and vagus 
nerves p^iss through a fissure — the fissura metotica (Fig. 1, fm) — in the posterior 
region between the auditory capsule and the occipital arch. 

Tlio notochord passes in the middle region of the basal plate, and it is intra- 
cranial in position throughout its length in the basal plate. Anteriorly the 
notochord projects into the hypophysial fenestra, and there is no separate basi- 
cranial fenestra noticed as in other teleosts. The notochord is triangular in cross- 
section. 

OccApiial region. — ^I'ho occipital region is continuous with the auditory capsules 
posteriorly and does not possess a roofing cartilage. The auditory capsules are 
fused with the occipital arch in front of the fissura metotica. 

7' he visceral arches . — The different elements of the mandibular, hyoid and 
branchial arches could be made out in this stage. The first visceral arch, as in 
other teleosts, divides info the upper palatoquadrate bar and a lower MeckeFs 
cartilage forming the lower jaw. The palatoquadrate bar has a pterygoid process 
chondrifying independently. It is a slender slightly curved bar of cartilage lying 
on eithf^r side of the ethmoid plate. The pterygoid process (Fig. 2, ftp) articulates 
lateral to the ethmoid plate in a cup-like depression in the region of the lamina 
orbitoruisalis. It is a cylindiical rod slightly swollen in the middle I’egion and is 
po8teri<^rly attached to the trabecula by means of muscle fibres. The quadrate 
(QTJ) portion of the pterygoquadrato bar is separated from the pterygoid process 
and is fusevl with the hyomaiidibula. There is a small anterior projection — the 
proccBsu.s pterygoidous of the quadrate (ftp') — extending from the quadrate and is 
unconnected with ilie anterior portion. The symplcctic part, of the liyosymplectic 
is not seen in t he st age described as is also the case in most of the siluroids studied. 

Mocktd's cartilages moot anteriorly and do not fuse, but are connected by 
conneci^ive tissue. Posteriorly MeckeFs cartilage articulates with the quadrate. 
There is a small rotroartioular (Fig, 2, ra) process of MeckeFs cartilage extending 
posterior to the region of articulation. 

In the second visceral arch, the hyomandibula is in the form of a plate and 
articulates with the chondrocranium in the region of lateral semicircular canal of 
the auditory capsule. The plate-like hyomandibula possesses a posterior extension 
and antero-ventrally it is fused with the quadrate as noted above. The hyomandi- 
bular branch of the facial nerve passes in a niche (Fig. 2, hyf) in front of 
the hyoiriandibulai. The hyomandibula is connected ventrally with the ceratohyal 
by a small interhyal (Fig, 2, sii) which is seen as a part of the hyomandibula. 

The hypohyals, which are not distinct from the posterior ceratohyals, are in 
the form of stout cartilages extending in front of the copula. The hypohyals have 
grooves for the passage of the hyoidcan artery. All the five branchial arches are 
developed. The copula which is virtually formed by the fusion of the basibranchials 
is a continuous rod and on either aide of it at intervals are noticed the ceratobranchs. 
In connection with the first two branchial arches the epibranchs and pharyngo- 
branciis are seen. 


Stage 2. The chondrocranium of Silmiia silondia 
(11 mm, stage; head-length 2*5 mm.) 

In this stage there is a general growth of all cartilages. TJie solum nasi of 
Gaupp (1906) has just developed forming the floor on the posterior region of the ^ 
nasal capsule. In the orbito-temporal region an incomplete epiph 3 ^ 8 ial bar is seen ’ 
between the orbital cartilages. 

T]^ notochord does not extend into the hypophysial fenestra as observed in 
the earlier stage. A tectum synoticum connecting the two auditory capsules is 
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noticed, and the tectum is not distinct from the tectum posterius of the occipital 
arch. 

In the visceral arch skeleton the processus pterygoideus of the quadrate has 
grown forwards, but remains separate from the anterior portion of the pterygoid 
process. 


Stage 3. The fully formed ohondrocranium of Silonia silondin 
(18 mm. sti^e ; head-length 3-6 mm. ; Fig. 3) 

1. Neurocranium . — ^The ohondrocranium at this stage is fully formed and has 
grown greatly, and appears to be more bulky and wider than in the earlier stages 
described. 

Occipital regioji . — The occipital arches are now well developed and are 
connected dorsaUy by a thin roofing cartilage, the tectum posterius (TP), which is 
fused with the tectum synoticum of the auditory capsules anteriorly, as stated 
above. The glossopharyngeal and vagus nerves pass through a common exit which 
is in the form of a wide fissure — the fissura metotica — between the auditory capsule 
and the occipital arch. 

Auditory region . — Each auditory capsule shows externally enlargements for 
the semicircular canals (PASC, plso, ppsc). In the anterior part of the auditory 
capsule where it is continuous with the orbital region is a foramen for the exit of the 
otic branch of the facial nerve innervating the sensory canal. There are medial 
walls in the anterior and posterior regions of the auditory capsules separating the 
cavum labyrinthii from the eavum cranii, and in the middle region the cavity of 
the auditory capsule opens freely into the cranial cavity. All the three septa are 
completely developed. The septum semicircularis anterius is a thin bar of cartilage 
extending from the anterior wall of the auditory capsule to the mid-ventral surface 
of the roof parallel to the long axis of the body. The septum semicircularis laterale 
is found at right angle to the septum semicircularis anterius and extends posteriorly 
very near the posterior septum. The septum semicircularis posterius is situated 
in the same plane as the anterior septum and continues as the medial wall to the 
posterior end of the auditory capsule. 

The hyomandibular cartilage articulates at the region of the lateral semi- 
circular canal of the auditory capsule and at this region the auditory capsule 
projects in the form of a shelf over the hyomandibula. The auditory capsules are 
connected by means of tecti (Fig. 3, tsy, tp) as in the 11 mm. stage. 

Basal plate and notochord . — The basal plate (Fig. 3, bp) is extensive and its 
lateral edges are fused with the auditory capsules. The parachordals are united 
in the middle line in front of the notochord. There are no basicapsular fenestrae 
and commissures as in Amiurv^s (Kindred, 1919). At the level of the lateral semi- 
circular canals on the dorsal surface of the basal plate is a pair of deep grooves 
extending backwards to the posterior end of the cranium. These grooves lodge 
the sacculus and lagena of the internal ear and they communicate with each other 
across the anterior ends of the grooves by a transverse canal — the sinus impar 
which projects backwards into the cavum sinus impar is immediately above the 
notochord. Posteriorly the sacculus is completely covered over by a cartilaginous 
cup. 

The notochord is covered with cartilage both dorsally and ventrally and does 
not extend into a basicranial or hypophysial fenestra as seen in the earlier stage 
(8 mm.). Anteriorly the notochord is narrow and becomes broad in diameter at 
the posterior end of the cranium. 

OrbUo-iemporal region , — The orbital cartilages (Pig. 3, ORC) are in the form of 
large vertical piate-like cartilages extending from the lamina orbitonaAalis to tbe 
anterior end of the auditory capsule as also seen in the earlier stage. Thepe carti- 
lages have grown considerably since the earlier stage, and in the anteriof region 
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Fio. 3. Dorsal view of the folly formed ohondrocranium of Silonda sUondia, 18 mm. stage 
(wax model). 

they are connected by an epiphysial bar (bfb) which is almost complete, thus 
dividing the large dorsal fontanelle into anterior and posterior ones. 

The trabeculae (Fig. 3, to) are now plate-like anteriorly fusing with the orbital 
cartilages in front of the sphenoid fissure (Fig. 3, sf) forming a vertical plate — ,, 
the preoptio root of the orbital cartilage shielding the side of the anterior part of *1 
the brain case. The hypoph 3 r 8 ial fenestra (fh) at this stage is much reduced on 
account of the widening of the trabecular plate. There is no lateral commissure or 
pila anft>tios noticed unlike other teleosts. 
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Ethmoid region. — ^The ethmoid r^ion of the fully fonned ohondTOoraniilfll 
differs very mu^ from the other stages studied. The solum nasi is greatly devel- 
oped and forms the floor for the nasal sacs. The lamina precerebralis is enlarged and 
does not extend posteriorly. A typical nasal septum as seen in other teleosts is 
not developed. The olfactory sacs now possess a floor formed by the solum nasi, 
whose side wall and posterior boundary are formed by the extension of the lamina 
orbitonasalis. The lamina precerebralis extends posteriorly as a process forming 
a roof for the anterior part of the olfactory peduncles. The olfactory foramen is 
very much reduced when compared with the earlier stage. The foramen 
olfaotorium evehens and advehens are confluent, and the foramen is enclosed by 
the lamina precerebralis dorsally and ventrally by the ethmoid plate. 

The ethmoid plate (Fig. 3, bp) or the trabecula communis is flat and forms the 
floor for the olfactory peduncles. The sphenoseptal commissure (sso) is very much 
reduced as the lamina precerebralis extends backwards near ^e lamina orbito- 
nasalis. The lamina orbitonaisalis is developed extensively and connects the ethmoid 
plate with the orbital cartilage. Dorsally the lamina orbitonasaEs is pierced by a 
foramen for the exit of the superficialis branch of the trigeminal nerve. The fora- 
men orbitonasale is now situated more posteriorly indicating that the einterior 
part of the chondrocranium is elongated. 

The olfactory sacs project posteriorly into a cavity formed in the lamina 
orbitonasalis so much so the olfactory sacs at this region possess a complete carti- 
laginous covering. The olfactory lobes lie on saucer-like lateral extensions of the 
ethmoid plate, the solum nasi, and are covered for the most part on the dorsal surface 
by a membrane. 

2. Visceral arches . — In the upper pterygoquadrate bar, the pterygoid process 
(Fig. 3, PTP) which chondrified independently in the earlier stage is now developed 
into a thick rod, broad anteriorly and tapering posteriorly. The body of the quad- 
rate is fused with the hyomandibula and possesses a narrow plate-like extension 
anteriorly representing the posterior portion of the pterygoid process or processus 
pterygoideus of the quadrate, and it is not continuous with the anterior portion. 
The anterior portion of the pterygoid process is attached on either side to the lamina 
orbitonasalis, and in the middle region the attachment is very intimate. The 
portion of the pterygoid process which is intimately attached to the lamina orbito- 
nasalis is the reduced ethmo-palatine process; a rostro-palatine process of the 
pterygoid process seen in other teleosts is absent. 

The hyomandibular cartilage is now completely formed and it is in the form of 
a large vertical plate articulating with the auditory capsule in the region of the 
lateral semicircular canal. The hyomandibula possesses a posterior narrow exten- 
sion — the opercular process — and anteriorly has a niche for the passage of the 
hyomandibular branch of the facial nerve. It is also observed in the sections that, 
in the later stage (23 mm.), the nerve passes through the bone. Ventrally the 
quadrate is fused with the hyomandibula and does not possess a symplectic 
extension as seen in other teleosts. The ventral portion of the hyomandibula is 
connected with the ceratohyal by means of the small interhyal which appears to be 
fused with the ventro-posterior end of the hyomandibula. 

Meckel’s cartilages are separate from each other and possess large coronoid 
processes in front of their articulation with the quadrate. The retroarticular 
process of Meckel’s cartilage is very much reduced. 

The copula which is formed by the fusion of the basihyal with the basibranch- 
ials is a continuous rod, broad anteriorly and narrow posteriorly. The hypohyals 
are thick pieces of cartilages projecting in front of the copula. These cartilages 
bear a groove ventrally for the passage of the hyoidean artery. The hypohyal 
continues backwards as the ceratohyal which is expanded posteriorly and again 
becomes narrow at the region of attachment with the interhyal. The interhyal is a 
small piece of cartilage and is fused with the hyomandibula as stated above. 
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• All the five brsiichisl arches are completely formed. The first three arches are 
attached on either side of the copula at regular intervals. But the fourth and fifth 
branchial arches appear to be free from the copula. The first four branchial arches 
possess hypo-, cerato-, epi- and pharyngobranchials, the fifth arch being represent- 
ed by only the rod-like ceratobranchials. While pharyngobranchials of the first 
and second branchial arches are free, the pharyngobranchials of the third and fourth 
arehes are fused with each other. 

The chondrocraniura of Pangaeius pangasim 
(17 mm. stage ; head-length 3-0 mm. ; Figs. 4, 5 and 6) 

The chondrocranium of Pangasitis is fully formed in a 17 nira. fry and it is more 
elongated than in Silonia previously described. The ethmoid region is very broad 
anteriorly and shows slight projections in the form of cr>rnua on either side of the 
anterior end of the ethmoid plate. The lamina precerebralis (Figs. 4, 5, LPO) is 
narrower and extends considerably backwards thus reducing the olfactory foramen 
(Fig. 5, aof). The solum nasi (Fig. 4, SN) forming the floor fljr the nasal sacs are 
much reduced and not as broad as in Silonin. The lamina orbitonasalis (LON) is 
thick and possesses an anterior extension (Fig. 6, alon) whicli forms a sort of side 
wall for the posterior region of nasal sac. 

The lamina orbitonasalis pos.sesac.s dorsally a foramen (Fig. 6, fon) for the 
exit of the supoiftcialia branch of the trigeminal nerve. The sphenoseptal com- 
missure (sso) connects the orbital cartilages with the lamina precerebralis. An 
internasol septum iti a strict sense is not developed as in Silonia. 

In the orbito-tenipor.il region, the orijital cartilages are connected by an epi- 
physial bar (Figs. 4, ft , bi’b) which divides the large fontanclle ijito anterior and 
posterior portions. Extending from the middle of tlie epiphysial bar there is a 
small taenia tectimedialis (Fig. 4, ttm) projecting into the posterior fontanelle. 
Anteriorly the orbital cartilage (Figs. 4, .7. OBO) is connected with the trabecula 
(to) by a wide plate of (iartilage — the prcoptic root (Fig. 4, fob) — forming the side 
wall for the cranium at this region. Just behind the lamina orbitonasalis there is 
a preoptic fontanelle (pof) in the preoptic root of the orbital cartilage. The orbital 
cartilages are thinned out posteriorly and they are continuous with the postorbital 
processes of the auditory capsule (Fig. 5, ao). The hypophysial fenestra (Fig. 4, 
fh) is largo and is boumled laterally by the broad plate-like trabeculae (Figs. 4, 6, 
to). As in Silonia the optic, oculomotor, trigeminal, abducens and facial nerves 
pass through the wide fissure — the sphenoid fissure (sf) — which is bordered dorso- 
laterally by the extension of the orbital cartilage and ventrally by the trabecula. 
The sphenoid fissure extends from the region of the anterior part of the auditory 
capsule to the preoptic root of the orbital cartilage (pob). The internal carotid 
artery passes medially to the trabeculae in a typical way as noticed in other silu- 
roids. There is no trace of a myodome; the eye muscles are attached to the 
trabecular plate and do not jienetrate into the cranial cavity. 

The auditory region is similar in general plan to Silonia. The auditory capsule 
(Pig. 6, AO) is more elongated than broad. The dorsal posterior fontanelle extends 
far backwards and thus the tectum synotioum (Fig. 4, tsy) uniting the two auditory 
capsules is fused with the tectum posterius (tp) of the occipital region. Arising on 
each side of the antero-lateral corners behind the postorbital process (pop) of the 
auditory capsule is a foramen (Fig. 6, fof) for the exit of the otic branch of the 
facial nerve which innervates the lateral line sensory canal. Enlargements for the 
accommodation of the semicircular canals could be noticed externally on the 
auditory capsules. The hyomandibular cartilage articulates with the auditory 
capsule, in the region of the lateral .semicircular canal. The auditory capsule does 
not project outwards in the region of articulation in the form of a shelf noticed in 
Silonia. * The medial wall separating the cavity of the auditory capsule from the 
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Fio. 4. Dorsal view of the fatly formed chondrocronuim of Fangatiut pangaaiut, 17 mm. 
stage (wax model). 

oavum cranii is confined to the anterior and posterior ends only and to a greater 
part the cavum labyrinthii opens into the cavom cranii. . 

The basal plate (Fig. 4, bp) is quite extensive and possesses a prominent basi- 
capsular fenestra in the middle region of the floor and a large anterior basicapsular 
commissure. The plate extending behind the basicapsular fenestra can be 
recognized as basivestibular commissure as the {^ossopharyngeal nerve passes in 




Fio. 5. Lateral view of the fully formed ohondrocranium of Pangasiua pangc^ua^ 17 mm. 
stage. 

the fis«ura metotica (fm) so also the vagus nerve. There is a pair of prominent 
recesses on the dorsal surface of the posterior region of basal plate for the accom- 
modation of the sacculi of the internal ear as in Silonia, The paired nature of the 
parachordals is quite distinct in the posterior region, though to a greater length 
they are fused in the middle region. 

The notochord which is slightly oblong in transverse section does not extend 
into the hypophysial fenestra. Anteriorly the notochord is completely enclosed 
in the basal plate, i.e. it is intracranial, while posteriorly it is more or less ventral 
to the basal plate. 

The occipital arch (Fig. 6, oa) is continuous with the auditory region and 
possesses a tectum posterius fused with the tectum synoticum anteriorly os in 
Silonia, 

Visceral arches . — In the first visceral arch the pterygoid process (Figs. 4, 6, 
FTP) which chondrifies independently extends on either side of the ethmoid region, 
and is intimately connected to the lamina orbitonasalis by connective tissue. The 
posterior part of the pterygoid process, which is continuous with the quadrate and 
hyomandibula, tapers anteriorly. The body of the quadrate is fused with the 
ventral part of the hyomandibula and articulates ventrally with Meckel’s cartilage 
(Fig. 5, MC). 

Meckel’s cartilage on either side is a large cylindrical cartilage with a broad 
coronoid process in front of the region of articulation. The two Meckel’s cartilages 
anteriorly meet but do not fuse in the middle line. The retroarticular (Fig. 6, ba) 
process is very much shortened in the fully formed chondrocranium almost ending 
next to the region of articulation with the quadrate (QXJ). 

In the second visceral arch the hyomandibular cartilage (Fig. 6 , hm) is a broad 
plate-like, hanging downwards from the region of the auditory capsule and possesses 
a gap in front for the passage of the ramus hyomandibularis facialis as in Silonia. 
Posteriorlv in line with the above gap is a long projecting opercular process (ohm) 
in the form of rod-like cartilage. The hyoman^bula continues postero-ventrally 
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as the stylohyal (sh) which connects the oeratohyal (oh) anteriorly. In the hyoid 
coma the hypohyal (Fig. 6, htb) continues as the oeratohyal which becomes broad 
in the posterior region and is connected with the hyomandibula by a stylohyal. 



Fio. 6. 


Doraal view of the hyobraaohisl skeleton of the fully formed ehondrocraoium of 
Pangaaiua pangasiua, 17 mm. stage, and the outline of the ohondrocranium (in 
broken line). 


All the five branchial ardies are well developed as in Silonia, The copula 
commuim (Fig. 6, com) is a thick cylindrical rod swollen anteriorly represmiting 
the bas^yal and fused baeibranchi^. The first three branchial arches are in 
oonnection with the copula, but the fourth one arises posterior to the copula. In 
eonneotion with the fifth branchial arch thwe appears to be a small rod m oartUage 
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representing the basibranchial cartilage (COP 2). The first four branchial arches 
are complete in having distinct hypo-, cerato-, epi- and pharyngobranchs. The 
pharyngobranchs of the first (phb 1) and second (phb 2) branchial arches are 
separate^ whfTcaH tlie j)haryngohranchs of third and fourth (phb 3, 4) are fused. 
The hy{)obran< tiH of tfiird (hbr 3) and fourth (hrk 4) arches are more dorsally placed 
to the copula and are fused in the middle line. 

The chondrocraniurn of Ailia coila 
(Ifi rnm. stage ; liead-length 3 0 mni. ; Figs. 7 and 8) 

The chondrocraniurn of Ailia is elongated and is very much different from the 
other two riKimhers Silonia and Htudie<l. 

Tlie chondrocrariiiini is fully formed in a 16 inrn, fry of A. coila. The ethmoid 
region is curiously rnodifie<l and is considerably elongated and rounded in the 
anterior end. The lamina prc^cerebralis (Figs. 7, 8, LPC) is very much reduced and 
continues backwards as an iriieriiasal septum very much thinned out in the middle 
K'gion. Arising from tli(" antero-lateral corners of the lamina precerebralis is a 
[iair of long narrow plate-like cartilagc^s (nac) extending backwards to the posterior 
end of ri.'isal septum (Fig. 8, ns) (tailed by Kindred (1919) the nasal alar cartilages. 
These carti!ag(^s form a sort of roof for the nasal organs in this region and the nasal 
barbels arise' from the middle rt'gion <4' these alar cartilages. In describing the 
iia.sal alar cartilages of AmiurHs^ Kimlred (1919) stated 'this has no connexion with 
the ehondrncranial < ariilage and has been named the " Xascntlugelnknorpel in the 
Chara(‘ini(hio by Sageinehl (1885) who regarded it as the phylogenetic remnant of 
the. iiasabtlap of the vS(da(*hians (p. 31 )\ 

T1h‘ olfactory foramen (Fig. 8, aof) is large and bears the same relation to the 
surrounding cartilag(\s as noticed in Silonia and Pamjasius. The lamina orbito- 
nasalis (Figs. 7, 8, lon) coniua-ting tiu^ orbital cartilages (ORC) and the ethmoid 
plate (Fig. 7, kc) has an aiiUuior extension (Figs. 7, 8, AtiON) whicli raises slightly 
upvvar'ds and forms a side wall for the nasal capsule. The solum nasi (Fig. 7, sn) 
is a thin plate of cartilage atid forms the floor of the nasal capsules. The lamina 
orhitonasalis whiclr is not very thick and large as seen in Silonia and Pafigasius 
forms the posterior boundary for the nasal organs. The pterygoid process (Figs. 
7, 8, PTP) is very broad and intimately eonnccted with the lamina orhitonasalis. 
I'lie sphenoseptal commissure (Fig. 7, ssc) is sliort and connects dorsally the 
posterior region of the nasal septum (ns) with the lamina orhitonasalis. The 
foramen orbitonasalo is obliquely disposed and gives exit to the superficialis 
branch of the trigeminal nerve. 

In the orbito-temporal region, the orbital cartilages are much reduced and the 
preoptic root (Fig. 8, por) together wdth the trabecula communis is not covered 
dorsally in fn)nt of tlie hy])ophysial fenestra (Fig. 7, fh). A preoptic fontanelle 
seen in Parujasins is absent in Ailui, and there is a separate foramen for the 
passage of the oculomotor nerve (Fig. 8, fo) to innervate the eye muscles in the 
orbital cartilages. The orbital cartilages are not widely separated and are con- 
nected by a broad cpi])hvsial bar (Figs. 7, 8, epb) having a tiny taenia tccti medialis 
(Fig. 7, ttm) projecting into the posterior fontanelle. The hypophysial fenestra is 
more or less small and rounded in shape. On either side of the hypophysial fenestra 
between the plate-like trabeculae and the orbital cartilages of each side is a sphenoid 
fontanelle (Figs. 7, 8, sf) through which optic, trigeminal, abducens and facial 
nervovS pass. The plate-like trabecula posteriorly becomes rod-like and is con- 
tinuous with the basal plate. 

The carotid artery enters the cranial cavity by a separate foramen (Fig. 7, fc) 
in the middle region of the trabecular plate. This condition is a slight deviation 
from the typical way the carotid artery passes medial to the trabecula in Silonia 
and Pangasius, 
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Fio. 7. Dorsal view of the fully formed choiidroeraiiium of AiJia coila, HI mm. stage (wax 
model). 

The auditory region does not show any special features. The auditory ca})sules 
are not widely separated as in the other two genera studied. The external doinarea- 
tion of the semicircular canals are not very distinct. The cavum lal>yrinthii 
communicates with the cavum cranii extensiv^ely except in the anU^rior and posterior 
parts where the auditory capsules possess medial walls. The oticus branch of the 
facial nerve passes through a foramen (Figs. 7, 8, fof) in the postorbital process of 
the auditory capsule. The auditory capsules are united dorsally by a thin tectum 
synoticurn (Fig. 7, tsy) which is fused with the tectum postorius (tf) of the occipital 
arch as in Silonia and Pangasiiis, 

The basal plate (Fig. 7, bp) is in the form of a trough fused with the auditory 
capsule extensively except for the small basicapsular fenestra (bcf) which could be 
made out in the middle region, extending to a few sections, and the anterior basi- 
capsular commissure (abc) is noticed in front of the basicapsular fenestra. The 
glossopharyngeal and vagus nerves pass through a common fissura metotica (fm) 
as in the other cases studied. The notochord does not extend into the hypophysial 
fenestra or into a separate basicranial fenestra. The notochord is dorsal anteriorly 
and becomes medial to the basal plate posteriorly and is slightly triangular in trans- 
verse section. 

Visceral arches . — In the visceral arch skeleton, the pterygoid progess (i'igs. 
7, 8, FTP), on either side of the ethmoid region, chondrifies independently and is in 
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Fio. 8. Lutf^ral view ot‘ tho fully fonnod chondrocranium of AUia cot/a, 16 mm. stage. 

tlio form of a vortioal plate narrow at both ends. The platc-liko pterygoid process 
is intimately attached to the lamina orbitonasalis on each side and there are no 
articulating [)roccs8es. The posterior portion of the pterygoid process which is 
discontinuous with the anterior portion is fused with the hiyomandibula (Fig. 8, 
hm) and is pointed anteriorly. The quadrate (QU) is also fused with the hyomandi- 
bula and gives articulation to Meekers cartilage (mc). The retroarticular process 
of Meckel’s cartilage (ka) is more pronounced than that in Silonia and Pangasius. 

The hyornandil)ula is a vertical plate-like cartilage articulating with the 
auditory capsule in the region of the lateral semicircular canal. The auditory 
capsule does not project in the form of a shelf over the region of articulation of the 
hyomandibula. Extending from the ventral portion of the hyomandibula adjacent 
to tho quadrate is a tiny piece of cartilage, which may be recognized as the sym- 
plectic (Fig. 8, iis) extension of t he hyomandibula, and which is not observed in the 
other siluroids studied. There is a niche for the passage of ramus hyomandibularis 
facialis in front of the middle region of the hyomandibula. Ventrally the hyo- 
mandibula is connected with the ceratohyal (oh) b}^ a short interhyal (sh) which is 
fused with the hyomandibula. 

All tho five branchial arches are developed and the copula is a continuous rod, 
broad posteriorly. The first four branchial arches are developed in connection 
with the copula and the fifth arch arises at the posterior end of the copula. The 
first pharyngobranch is represented by a broad plate-like cartilage extending from 
tho rcKl-like epibranch. Tho second pharyngobranch is small and closely attached 
to the first. The third pharyngobranch is in the form of a rod-like cartilage and is 
fused with the large pharyngobranch of the fourth arch. The fifth arch is repre- 
sented by ceratobranchs and is free from the copula. 

Discussion 

The chondrocrania of Silonia, Pangasias and AUia (Schilbeidae, Siluroidea) 
conform to the other siluroids described, viz. Amiurus (Kindred, 1919) and Ictaiurus 



tt. B, SBINIVASAOHAK: DSVBLOPMEBT OV THE SKULL IN OATFISHKS 349 

• 'A 

(Ryder, 1887), in their general plan, but diflFer in a number of points from the other 
siluroids and also amongst themselves. 

The ethmoid plate formed by the fusion of the trabeculae is Hat in the 8 min. 
stage of Silonia and becomes archeil in later stages. But it is trough-like in the 
10 mm. stage of Amiurus (Kindi’ed, 1919) and also in^other teleosts like Clupeidae 
(Norman, 1926). The olfactory foramen is large and is bordered dorsally by the 
sphenoseptal commissure connecting the lamina precerebralis and the orbital carti- 
lage, ventrally by the ethmoid plate, anteriorly by the lateral edge of the lamina 
precerebralis and posteriorly by the lamina orbitonasalis in Silonia, PangaHhvs and 
Ailia resembling Amiuras (Kindred, 1919). The ethmoid plate projects anteriorly 
in the form of massive ethmoid cornua in Amiurus (Kindred, 1919), but in Ailia 
they are absent, and in Pangasins and Silonia they are seen as slight projections. 
In Qa^terostem (Swinnerton, 1902) the ethmoid cornua (pre-ethmoid cornua) give 
attachment to the anterior ends of the pterygoid process not noticed in Aniiums 
(Kindred, 1919). 

Usually in most teleosts the forebrain during the development is situated on or 
above the ethmoid plate and gradually, by the development of an internasal septum 
(mesctlimoid cartilage of Norman, 1926; septum nasi of (laupp, 1906; septum 
rostri of Veit, 1911) separating the nasal fossae, it recedes. But this cartila- 
ginous nasal septum (lamina precerebralis) is stretched out in the transverse plane 
in the 10 mm. stage of Amiurm (Kindred, 1919) and gradually in the 32 mm. 
stage the lamina precerebralis gives rise to an intcrnasal septum. The nasal septum 
is massive in Cyclopterus (Uhlmann, 1921), Oalaxias and Callionynmn (Norman, 
1926). 

It is interesting to note that in Amia (Pehrson, 1922) the nasal septum in the 
12 mm. stage arises as a short median process from the ethmoid plate between the 
olfactory nerves, and this process is broad posteriorly and in the 19*5 mm. stage 
the process becomes higher anteriorly. But in the 21 T) mm. stage this process has 
entirely disappeared with a large part of the hinder portion of the septum. In 
Anguilla (Norman, 1926) the nasal septum (mesethmoid cartilage) is suppressed, 
and subsequently a bone in its place is formed. Norman is of the opinion that the 
suppression of the mesethmoid cartilage in Anguilla might bo due to the inward 
growth of the nasal organs which enlarge as the metamorphosis advances. Syn- 
gnathidae appear to present a sort of specialized condition with regard to the relation- 
ship between the ethmoid plate (trabecula communis) and the nasal septum. In 
Sijjhonosto77ia (Norman, 1926) the nasal septum appears late in the development. 
In Hippocampus (Kadam, 1957) an intemasal septum is noticed in contact with 
the ethmoid plate in the 9 mm. stage and the nasal septum continues to remain 
distinct in the older stage (18 mm. stage), thus indicating its independent origin. 
In Syngnathus (Kindred, 1921, 1924) further speciab’zation of this cartilage is ob- 
served, and the nasal septum is completely eliminated from the early stages in the 
development of chondrocranium. However, in the 45 mm. stage the nasal septum 
arises in the posterior region by the fusion of the ectethmoid cartilages. 

In describing the ethmoid region of Silonia and Parvgasiua I have preferred to 
retam the term lamina precerebralis to the nasal septum as at no stage the lamina 
precerebralis extends backwards in the form of a nasal septum as seen in the 32 mm. 
stage of Amiurus (KLindred, 1919). The lamina precerebralis is massive in Silonia 
and Pangasius stretched out in a transverse plane and forms the anterior boundary 
for the cranial cavity. The nasal fossae communicate with each other to a great 
extent through the olfactory foramina. It may be suggested that this condition is 
also a specialized feature in the chondrocranium. However, in Ailia the lamina 
precerebralis becomes thinned out between the nasal capsules, and extends back- 
wards as the intemasal septum. 

In Silurus, Callichthys, Choeiosiomua and Labrus (Pollard, 1895), Syngnathus 
(Kindred, 1921), Sebastes (Mackintosh, 1923), and Ophicephalua (Srinivasachar, 
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1953) a median rostral cartilage is developed in front of the ethmoid plate as a 
prernandibular elf^tnent. But Berril (1926) has shown that the rostral cartilage in 
Pkuromctes and Solm arises aa paired rudiments. Such a rostral cartilage is 
absent in Paw/a^sius, Silonia and Ailia, However, labial cartilages supporting the 
two mandibular barbels on either side are noticed in Ailia, as in Ictahirus (Ryder, 
1887), and in Pdufjasia^ and Silonia they are absent. 

Kindred (1919), in describing the 32 inni. stage chondrocraiiium of Amiurus, 
has shown that tluj roof of the nasal fossa i.s formed by an independent ‘nasal alar’ 
cartilagf' supporting the nasal barbel and having no connection witli the chondro- 
<u*aniuni. Sagenudil (1886) has also noticed similar cartilage in Characinidae and 
regarded it as tlie pliylogcnetic remnant of the nasal-flap (cartilage of the Selachians. 
Similar cartilages have been observed by me in Ailia extending posteriorly from 
anteroalorsal ])ortion of the nasal septum and appear to have connection with the 
nasal sc(>t uiri t)y means of conncndive tissue. Further, it has been noticed that the 
nasal luirbrl aris(is frcun the middle region of the nasal alar cartilages and is fused at 
the rcjgion of attachment to it. The nasal alar cartilages ar(‘. absent in Pangasius 
and Silonia. 

Tlu) lamina orbitonasalis (cctethmoid cartilage) arises generally in teleosts as 
pdsterodateral outgrowths from the ethmoid plate forming more or less the posterior 
bounchirv for th<5 nasal capsules separating them from the orbits. The dorsal edge 
of the lamina ori)llonasaliH of eacli side is fu.sed with the postcrira part of the nasal 
septum or the antcro lateral edgr^ of the orbital cai tilages. These laminae orbito- 
nasales are broad and rnassiva*. in Sahno ((iaupp, I90f3), Cyclopterus (Uhlmann, 1921), 
but slendt ‘1 and roddikt^ in Anguilla (Norman, 1926) and Ophicephahis (Srinivasa- 
('bar, 1963). In teleosts like Salmo (de Beer, 1937) and Amiurus (Kindred, 1919) 
the lamina orbitonasalis is [)ierccd by a foratnori for the passage of the oyhthalmic 
braiudi rd' tin? trigeminal nerve. But Norman (1026) failed to notice a foramen in 
the lamina orbitonasalis of a 26 mm. stage of Salmon and the ophthalmic nerve 
passes dorsal and external to the lamina, as in Anguilla (Noinian, 1926) and Clupea 
(Wells, 1922). In OpJficephaiwi (Sriruvasachar, 1963) tlie oplitbalmic branch passes 
through a notch on the dorsal surface of the lamitia orbitonasalis. 

In Syngnathidae (Syngnathuu^i, Kiiulred, 1921; Siphonostcmia, Norman, 1926; 
flippocaurpu^s, Kadam, 1957) the lamina, orbitonasalis arises as an independent 
(^artilago not connected with the ethmoid plate. 

In Silonia, Pangasius and Ailia, the lamina orbitonasalis is thick and massive 
and forms a posterior boundary for the nasal capsule. The lamina orbitonasalis in 
these forms possesses an anterior extension which serves as a lateral wall for the 
posterior part of the nasal sacs. The lamina orbitonasalis is thin in the 8 inm. 
stage of Silonia and gradually it ])e(a)in(‘s thick and massive in the 18 mm, stage. 
In all the three forms, Silonia, Panga^nus and Ailia, an obliquely disposed foramen 
is seen in the lamina orbitonasalis for the passage of the ophthalmic branch of tri- 
geminal nerve as in Amiurus (Kirulred, 1919). This appears to be a general feature 
of the siluroids. The anterior extension of the lamina orbitonasalis is considerably 
lengthened and is also bent upwuxrds in Ailia. A preoptio fontanelle is noticed 
behind the lamina orbitonasalis in Pangemus and Silonia as in Amiurus (Kindred, 
1919). The ventral face of the lamina orbitonasalis forms the articular surface for 
the pterygoid process in Parigasiws and Silonia as in Amiurus (Kindred, 1919). 

A distinct sphenoseptal commissure connecting dorsally the nasal septum 
(lamina procorebralis) and the lamina orbitonasalis is develoj)ed in Ailia, Pangamus 
and Silonm as in Salmo (de Beer, 1937). 

The eye muscle canals (myodomes) seen in teleosts like Sahno (de Beer, 1937), 
Olupea (Wells, 1922), Cyclopterus (Uhlmann, 1921) and Qamhusia (Ramaswami, 1946) 
is absent in Silonia, Pangasius and Ailia as also in Amiurus (Kiadred, 1919). The 
absence of the myodome appears to be a uniform character in the skull of most of 
the siluroids. It is obvious that the mode of attachment of the recti muscles and 
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the presence or absence of the myodome depend on the size of the eye^ of the adult 
fish. In fishes where the eyes are large the niyodomes are well developed and in 
those which possess relatively small eyes the niycxloine is absent. However, 
Bhimachar (1933) has observed a small myiKiomo in one of the siluroids, SilanJia, 
The rectus muscles in Siloniat Pangasius and Ailia are aitachexl to the lateral 
surface of the trabeculae in the posterior region of the orbit as in ximiurns (Kindred, 
1919). 

The orbital cartilage which forms the lateral boundary in the orbito-temporjil 
region in most of the siluroids studied is in the form of a veri ical plate-like cartilage 
in front of the extensive sphenoidal fissure through which the optic, oculomotor, 
trigeminal and facial nerves pass in Pangnsim, Silonia and also in A^nmrus 
(Kindred, 1919). Posteriorly the prcoptic root of the orbital cartilage continues as 
the post orbital process to fuse with the aiiterior end of the auditory caj)sule. In 
Ailia, a separate foramen for the exit of the oculomotor nerve is notic'cd in the 
preoptic root of the orbital cartilage, A preoptic lontanelle is noticed in A‘tniuTU>'^ 
(Kindred, 1919). I have also described it in Pangasius ; however, it is absent m Ailia 
and Silonia, 

The orbital cartilages become discontinuous from the lamina orbitonasalis in 
some stage or the other in the development of ehondrocranium in a number 
of teleosts like Oasterosteiis (Swinnerton, 1902), Sebastes (Mackintosh, 1923) and 
Opliieephalm^ (Srinivasachar, 1953). But in Silonia, Pangasim atul Ailia the 
orbital cartilages at no stage become discontinuous. 

The trabeculae in the orbito-tcmporal region are also short plate-like (*artilages 
surrounding the extensive hypophysial fenestra, forming the ventral border ot the 
sphenoid fissure described above in Silonia, Pangasius and Ailia> as in AmiuTUS 
(Kindred, 1919). The trabeculae in front of the hypo})hyBial fenestra are fused to 
form the trabecula communis (ethmoid plate), and an interorbital septum is absiait 
in Silonia, Pangasius and Ailia and also in Aminrus (Kindred, 1919); hence the 
ehondrocranium is of the platytrabic tyjie. This type is characteristic of most 
Selachians and (Xicurs also in ^Arnia (Pehrson, 1922), Ophicephalus (Srinivasachar, 
1953), and according to Norman (1920) among othcir teleosts the platytrabic chori- 
drocrauium is found only in Siluroklea and in Homalopitra among the Cy])rinoidea 
(Sagemehl, 1891) and he considers that the condition might be a secondary one in 
these fishes. In other teleosts like Salmo (do Beer, 1937), Sebastes (Mackintosh, 
1923), and Anguilla (Norman, 1926), a tropitrabic type of ehondrocranium is noticed. 
The trabeculae which are continuous with the parachordals in the 10 mm. stage of 
Amiurus (Kindred, 1919) become interrupted in the 32 inm. stage. But in Silonia, 
Pangasius and Ailia the discontinuity of the trabeculae has not been observed in 
any stage of the development studied. 

The carotid artery enters the cranial cavity in a typical way passing through 
the basicranial fenestra medially to the trabecula through a notch in the 10 ram. 
stage of Amiurus (Kindred, lOiO). A similar condition is also noticed in Silonia 
and Pangasius, but the notch is absent. However, in Ailia, a distinct foramen is 
observed in the middle region of trabecular plate as in Gymnarchus (Assheton, 1907). 
In Anguilla (Norman, 1926) a single foramen for the internal carotid artery is 
noticed as in Squalus (van Wijhe, 1922). 

Generally in most of the teleosts the lateral wall in the ehondrocranium is 
formed by the orbital cartilages (taenia marginalia) which lie between the brain 
and the upper parts of the eyes, and extend between the auditory capsules and the 
nasal septum. In most forms like Clupea (Wells, 1922), Anguilla (Norman, 1926), 
Salmo (de Beer, 1937) and others, the orbital cartilages arc continuous bars con- 
necting the auditory capsules with the ethmoid region, but in some of the members 
as in Oasterosteus (Swinnerton, 1902), Sebastes (Mackintosli, 1923) and Ophicephalus 
(Srinivasachar, 1963) the orbital cartilages become discontinuous, the ethmoid and 
auditory regions being separate. An extreme case is seen in Syn^nathidoe 
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CNorraan, 1926) where they are practically non-existent, and the anterior and 
posterior ends are ol)Herved an small processes extending from tiie auditory capsules 
and the lamina orhitonasalis respectively. In most of the siluroids studied, the 
(^rhital cartilages are very wa ll developed and are in the. form of large vei-tieal plates 
and in Arniuru^^ Kiiaired (1919) refers to these as alisphenoid cartilages. 

The two orbital cartilages are interconnected in the middle region by an epi- 
physial bar forming a sort of roof in the orbital region, noticed in most tcleosts like 
Sahfio (d(‘ Be(T*, 19117), KxoawtiUH (Lasdim 1913), Clupea (Wells, 1922), Garnbmia 
(Ramaswami, 1915), Ophicaphalu^ (Srinivasachar, 1953) and otliers. A similar 
epiphysial l>ar is observani iri Silonla, PamjasiuH and Ailia, but the bar is much 
thicloT in Ailia uIkmi com[)an‘d with the other two genera. 

A lateral commissure foinied by the fusion of postpalatine and preotic 
processes (M^nnectin.g the late ral edge of the* basal plat(‘ w ith the anterior wall of the 
auditory <tapsule forms tlu; vcail ro-lateral w'all of the Irigeminofacialis chamber in 
Sipujniithfi.^ (Kindred, 1921), Atuiailla (Norman, 1926), Salmo (de Beer, 1937) and 
Gambusia (Rarnjcswami, JfM5). Such a lateral cominissmt* is absent in Silonia, 
IbuujdHlH.i and Ailia as in Atrunrm (Kindr(‘d, 1919). The absence of a lateral 
commissure a[)p(‘ars to lx‘ a gcaieral feature in the cbondrocranium of siluroids, 
bis-ause t)i(‘ trigeminal and facial ncrvcis together vvitli lh(‘ optic and abducens 
!ua v(‘s pass tlirough a sphenoid lissure bor<l(‘red dorsally by the orbital cartilage, 
ventrally by tlie trabecula, ant^aioriy by the j>r(‘Of)tie root of the orbital cartilage 
aial b(‘liind by tlie basal plate. 

The audit <)rv ca[)sul(\s of Siloniit, l\nnja.sius and Ailm art* very much similar 
to a typical tcl(M)stc‘aii condition as sctai in Sctlnto (de l^ccr, 1937), Aniinru^s (Kindred, 
1919) and others, ddu* otic.iis brain h of the fa(‘ial nervt* passes through the anterior 
region of tin*, auditory cap^^uk to innervate the lat(*rai line sensory canal in Silonia 
and but tfn^ same* n<-i [)asscs tln(»ugh tlui postorbital process of tin* 

orbital (‘urtilage in Ailia as in Afrtiuru.s* (Kimlred, 1919). Tin* cavity of the otic 
capsule commmu(*ates with the cavum cranii by a wide fenestra in Amiurt/s 
(Kin(lre<l, 1919) as in larval Aranthia,^ (SewertzotV, 1889). Though in Silonia, 
Pamjamus and .l/7m there is a. large o[)ening in the middle of the auditory capsule 
into the cranial cavity, a medial wall, however, can be observed in the ant(U’ior and 
fiosterior ends of tlu5 capsule. 

The auditory capsules ar<' united with tin' parairhordals by means of anterior 
and posterioi’ basicapsular commissures leaving large lenestrao as in Salmo (de Beer, 
1937). Tlie anteri(a- basicapsular commissure can always be recognized behind the 
facial nerv(^ and the posterior basicapsular commissure beliiiul the glossopharyngeal 
nerve and in front of the vagus lu'rvc' as in Salrtio (fie Beer, 1937) and other tcleosts. 
In Silonia the basicapsular ffuicstra is absent as in Aatlurus (Kindred, 1919), but in 
Pangasitis the anterior basicapsular fenestra is more pronounced, while in Ailia 
it extends only to a few’ sections. In /Siloniu, Pangasiu^ and Ailia both the glosso- 
pharyngeal and vagus nerves pass through a common fissure — the inetotie fissure — 
and the commissure in fi-ont of tlu' metotic fissure represents the basivesiibular 
commissure avS in Clupm (Wells, 1922), t^ymjnaUms (Kindred, 1921), Icialurus 
(Ryfler, 1887) and Ophicephalus (Srinivasachar, 1953). But in Amiurus (Kindred, 
1919) the glo.ssopharyTigeal and vagus nerv^es pass through independent foramina as 
in Salmo (do Beer, 1937) and Aagiiilla (Norman, 1926). 

Dorsally the two auditory capsules are united by a tectum synoticum which is 
fused with tectum posterius of the occipital arch in Silonia^ Pa^igasius and Ailia as 
in Amiurm (Kindred, 1919). However, a tectum posterius is absent in other 
tcleosts like SaJyno (de Beer, 1937), Gambusia (Ramaswami, 1945) and Ophicephalus 
(Srinivasachar, 1953). 

In the visceral arch skeleton the pterygoquadrate is curiously modified in 
Silonia, Pangasiu^ and Ailia as in Amiuru^ (Kindred, 1919). The pterygoid 
process cliondrifies independently and remains so throughout the development of 
5B 
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the chondrocranium in all the throe membcrft studied. A small ethmopalatine 
process of the pterygoid process articulating in the region of lamina orbitomnsalis is 
noticed in the 8 niin. stage of JSilonia and this process gradually bet'omes reduced 
as development advances and in the fully formed chondrocranium the pterygoid 
proc^\ss practically lose.s the ethmopalatine portion. But in other forms sucli a 
process is not noticed in the chondrocranium. However, a rostropalatine process 
has not been observed in any of the forms studied and the pterygoid process does 
not extend beyond the middle region of the ethmoid platt‘. 

But in Amid the pterygoid process t hondrifies separately from the main cartilage 
and is connected with it by procartilagc and subsenucntly becomes eontinuous 
with the quadrate (Pehrson, 1922). In (Hujmi (Wells, 1922) and Ophicephahu^ 
(Srinivasachar, 1953), where the ptcrygoirl process chondrifies indopeudently, it 
gradually extends backwards and becomes fused with the body of the (piadratc 
cartilage. However. Norman (192(5) disagrees with Wells (1922) with regard to tlie 
development of mandiliulai* arch in Clapea and is of the opinion I hat the quadrate 
is distinct from the hyomandibula. 

Further, the body of the quadrate is fused with the liyomandibiila in Silonui^ 
Pmigasiiis and Ailia as in other siluioids, Amiurua (Kindred, 1919), Ictalurm 
(Ryder, 1887) and other lishcs like Clupea (Wells, 1922) and Ophicephalus (Srini- 
vasachar, 1953). It appears t(» a general feature in the chondrocranium 
particularly in siluroids that the quadrate portion of tlu? hist visceral arch is fused 
with the hyomandibula, a portion of the second visceral arch. 

Generally in teleosts the hyomandibula articsilates with the auditory capsuk* 
in the region of the lateral semicircular canal and is in the form of a plate-like carti- 
lage and is distinct from the quadrate as in GaMeruHens ((Swinnerton, 1902), Syn- 
gruithus (Kindred, 1921), Salmo (de Beer, 1937) and others. In all the above cases 
the hyomandibular cartilage possesses a foramen for the [lassage of the hyomandi- 
bular branch of the facial nerve and a distinct symplectie extension is noticed 
projecting ventrally from it. But in Silonia, PangasiuH and Ailia the plate-like 
hyomandibula is fuscal with the quadrate ventrally and doe.s not possess a 
symplectie extension, though an ap})arent tiny projection extending from its ventral 
side and adjacent to the quadrate is seen in Ailia. The hyomandibular branch 
of the facial nerve passes through a deep gaj) in front of the hyomandibula in kiilonia, 
Panga^ivM and Ailia and not through a distinct foramen as in Amiurus (Kindred, 
1919). However, in the older stages examined (23 mm. slag(‘) ui Silonia the nerve 
fiasses out through a 1‘oramen in the bone. 

The branchial arches in Silonia. Pangamus and Ailia dcvelof) in the sam(‘ way 
as in other teleosts studied, and in Panga^sia.s if) conmaditin villi the lifth cerato- 
liranch a tiny rod corresponding to the basihianehial is noticed. 

.Summary and Conclusion 

1. Three stages in the development of the chondrocranium in Silonia .Hilondia 
and one stage in each of Pangasim pangasius and Ailia coila are descaibed. 

2. In the 8 mm. stage of Silonia tlie chondrocranium is elongated and 
possesses a large hypophysial fene.stra into which projects tlie notochord. Indepen- 
dent chondrification of pterygoid process and the fusion of hyomandibula and 
quadi'atc are noticed. In 11 mm. stage, an epiphysial bar, tectum syuoiicum and 
tectum posterius are developed. 

3. The chondrocranium is fully formed in 18 mm, stage of Silonia and is 
compared with similar stages of Pangasius and Ailia. The important similarities 
in the chondrocranium of Silonia, Pangasius and Ailia are as follows : 

The sphenoseptal commissures connect the orbital cartilages with the laminae 
orbitonasales. The solum nasi forms complete floor for the nasal saes. The 
anterior extension of the lamina orbitonasalis is quite extensive and forms the 
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lateral wall for the nasal sac. The sphenoid fissure gives exit to optic, trigeminal, 
abducens and faual ricrves. A lateral commissure forming the anterior boundary 
h^r the trigc.Tninofacial chain}>er is absent. The tectum synoticum connecting 
the auditory capsules is <!ontinuous with the tectum posterius of occipital arches. 
There is no membranous or cartilaginous interorbital septum and the chondro- 
cranium (■()niorms to the platytrabic tyj)e. 

In th(; visceral arch skeleton, the pterygoid process chondrifies independently 
nfid is unt onnecti'd with the quadrate. The quadrate is fused with hyomaiidibula. 
The hyonuindibular branch (;f the facial nerve passes in a gap in front of the h)^- 
rnandihula. 

(. d'h<} chondroeranium of Silonia is very much similar in most respects to, 

and diflcrs in some minor characters from, the chondroeranium of Pangasius. But 
tlic (chondroeranium of Ailia differs considerahly from the other two members, 
Silonhi and Pangasius, and the pc(‘uliar features in the chondroeranium can be 
Hummariz(*(I as follows : 

A distinct nasal septuin is noticed arid nasal alar cartilages are developed 
cKt(*mling from the anter odatcral (corners of the nasal septum. The oculomotor 
iKu ve gains a s(‘parat(* exit in the f)reoj>tic root of or}>ital cartilage and otic branch 
of facial nerve pass(*s in the ))i)storbital process of the orbital (:*artilage. In the 
visceral arch skehdon a symplectic extension of the hyo.syrnj)lectic cartilage is seen 
(^\t('n(ling to a few sections. M(u*kers cartilages unite and fuse anteriorly. 

o. fn conclusion it may be suggested here that Silonia and Pangasixis on 
a('(‘()iint of their clos(^ similarity in tluur chondrocranial characters may be included 
in the seme g<‘nus Pitndiyius^ but as two ditfereni species, as was done by Hamilton 
(1822) in his book on ttic ‘Oangetic fishes'. 
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anterior basicapsular commissure; 
auditory capsule; 

anterior extension of the lamina orbitonasalis ; 

olfactory foramen ; 

barbel cartilage; 

basicapsular fenestra ; 
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basal plate; 
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ceratobranchials 1-6; 


ceratohyal ; 
copula communis; 
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fissura metotica; 
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f a( ' ri i a tec t i mod i a I i s . 
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TFIK OCCURRENCE ANJ) A(TJVrr]ES OF CERTAIN HACTERIAL CROUPS 
IN OFF-SHORE MARINE ENVIRONMENTS OF CULF OF MANNAR, 

OFF TUTICORIN ^ 


by R. V RN KAT\ K \M AN - tUid A. Shkeni VASAN Fishivie.^ Tech tiologi cal Fltatio7K 

Kozh ikode 

(( ’<)!inmini(at(‘fl by Dr. N. K, Paiiikkar. F.N.T.) 

[Heceivrd J ane 6 \ 1956: nad Aiujust 2, 1957) 

InTRODUC'TION 

Veay little work has been done on the marine bacterial gron])s in off-shore 
regions in India, though comprehensive accounts are available about these in the 
U.S.A. (ZoBell, 1946). Earlier, Waksman and collaborators (1933a) demonstrated 
the presence of (certain pliysiological groups, such as cellulose digesters, algin 
digesters, agar digesters, denitrifiers and ‘coj)per bacteria’, in the Culf ot Maine. 
Some workers have studied single groups, such as chitin digesting bacteria (re- 
viewed by Sreenivasan, 1955), agar digesting bacteria (Eundestad, 1928; Hidake 
and Samcsiina, 1953), sul[>hate reducing bacteria (ZoBell and Rittenl)urg, 1948), 
cellulose digesting bacteria (Stanier, 1940; Waksman et al., 1933a), algin digesting 
ba(deria (Waksman et a/., 1934), and urea splitting baideria (ZoBell and Felthani, 
1935). Wood (1953), in Austndi/i, has also given an account of some of tliese groups 
in his |»aper which contains an excellent account of fish spoilage baederia also. In 
our earlier work on the off-shore sea-w'ater of the west coast, bare mention was made 
of the abundance ol‘ denitriiiors and absence of coliforms. Vclankar (1955) has 
studied the presence of a few physiological groups, but only in the shallow inshons 
bay in the Gulf of Mannar, in connection with the study of the jiroductivity of 
pcNVi'l banks and chank (conch-shell) grounds, investigation was carri(Ml out on the 
l)a(’terial flora of sca-watei‘, pearl oysters, chanks and bottom sand, 10 to 12 miles 
off Tuticorin. The periods of investigation were in ^September, 1953 and in January, 
1955. The existence of these groups may ox])lain the biological cycles in the sea, 
the deterioration of submerged materials, such as ship’s bottoms, netting, etc., 
and sfioilage of marine products. 

Experimental pkoceouuks and materials 

The pearl banks were visited during the periods of pearl bank inspections in 
September, 1953, March, 1954 and January, 1955. Water samples were taken 
from south, north, central and eastern sections of Tolayiram par, and also from 
Kanava par and Kadayan par. The average of bacterial counts of these and 
those of the pearl oysters is indicated in Table I. The sand and chanks wore collected 
from the chank beds near Tolayiram par. The temperature of water ranged 
from 27 3°0. to 29 5°C. 

Water samples were collected 12" beneath the surface and from the bottom 
(8 to 12 fathoms depth), and plated out on board the vessel itself. A Nansen water- 
bottle was used and the water at once transferred to a sterile glass-stopperod bottle. 


1 Published with tlie kind permission of the Additional Director of Industries and 
Commerce, Madras. 

2 Now Sui^erintendent, Fisheries Technological cum Biological Station, Tuticorin. 

^ Now Hydrologist, Freshwater Biological Station, Bhavanisagar. 
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Bottom sand was scooped out by a sampler devised by Chidambaram et (il, (1951). 
Pearl oysters and chanks were token out by naked divers and were handled on 
shore according to the usual procedures for the examination of shell fish (II.S. 
Public Health Service, 1946). Dilations of sea-water, sand, chanks, etc., were 
inoculated into appropriate enrichment media for each of the physiological groups. 
When the presence of these groups was proved j)ure, cultures were isolated and 
representative strains were studied. 

Bdcterial population of sea^ivater. — The surface and bottom sea-water examined 
on a number of occasions and in different locations such as Tolaifiram par, Kanava 
par, Kadayan par, etc., indicated that the bacierial populations were sparse, being 
a few' score. There is no variation, in the numbers between different areas of ofl- 
shore sea. Marine sand, which mainly consisted of silica and cali^areous sht41 
fragments, did not harbour a rich population of bacteria, though very reactive 
types were isolated. The counts on ZoBell's medium were greater than on fresh- 
water agar. It was also noted that some of the bacteria failed to grow on salt-free 
media indicating a special ecological group, viz. 'marine’ baidoria. A few could, 
by gradual laboratory cultivation, be ‘trained’ to grow on fresh-water media but a 
majority was halophilic. These mostly belonged to Pseudomonm, Aclironiohacier , 
Bacterium, and Coryn^hacterium . Bacillus^ Micrococcu.^t and Sarcina did not fail 
to grow on fresh-water media. 

Bacterial action of sea-water. — The very low' populati(jii of off-short' sea-water 
may be due to the inherent bactericidal property, especially towards the autoch- 
thonous organisms of soil, sewage, etc. In Tutieorin, the town sewage and the 
effluents from the Harvey Mills are let into the sea. A study was made of the 
influence of sea-water on the survival of the coliform organisms. This was necessary 
because the beds of shell fish, such as pearl oysters and chanks, are situated 8 to 
12 miles off this discharge site. Further, edible fish are also caught nearby. 
Results tabulated in Table II clearly bring out the fact that even within a distance 
of half a mile the coliforms are drastically reduced in population and, at a distance 
of five miles, there is practi(jally no coliform organism traceable. Vaccaro et al. 
(1950) also found that the number of bacteria decreases much more rapidly than 
could be accounted for by dilution alone. The ‘Total’ counts also were progres- 
sively reduced with the increasing distance from the land, indicating the. inability 
of terrestrial flora to establish themselves in the open seas. 

Tablk II 

i 'oliform and total coiintd of the setvage otUfM ayid of Hea- water opposite 
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September, 1953: 

Coliforms MPN/lOO 
o.c. . . 
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Island) 
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Total counts 
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1 
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Coliforms . . ' 
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49 

49 

4 
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pRV'MIOLOOrCAL GROUPS 

A(/ar digp.Min(f hticUriif . -2 to 3% ol the culoriios from sea-water and 7 to 10% 
iVoin marirn- sarul were agar dig(tsters. They were profusely pigmented, pmk, 
yellow orange to r<‘d, browii and also non-(‘hromogenie. They all liquefied agar 
remarkaldy l•af)idly. Ori the agar plat(\s, tlu^y initially showed a depression wdiich 
widen(‘d into a saueor-shape^d errater and finally spread out licpiefying the entire 
plate, d'hesti agar digest('rs were slender, long, (^- or S-shaped curved rods as well as 
pleomorphic, and straight sluggishly motile or noromotile, non-spornig and grain 
n(igativ(?. Two (adtures Iroin sea-water were polar flagellated. The others prob- 
ably belong to the genus BdcUrium. ‘Reducing sugars’ were identified, when 
agar was liquefir‘(|. A di^seription of tlu^ cultures is given in Table HI. Great 
(liflieulty was exp(*riene(‘(l in preserving these cultures, sinc'c they die off rapidly in 
the li(|ucfied (agar) medium, probably due to acid formation from the sugars. A 
largf* por(ientag(* of colonies isolated from chanks wore also agar digesters. ZoBell 
(1910) com])uted that 1 to 2 % of bacteria oc.eurring in tlie sea are capable of agai* 
digestion, whih* Wood (Iflb:!) found between 2 to 5% in Australian waters. 
Waksman el nl. (IflTh/) nol<‘d them mostly in diatom tf)W\s. Tlic cultures des- 
cribed by us in Tudde III <lifT(‘r from those deseribed by Lundestad (1928). 

AUjivic acid difjpMcrH , — Ihictcria digc‘sting alginic acid were invai-iably present 
in 1 e.e. of sea- water, both surface and hoi.tom, but to a smaller extent only in 
f)earl oyst <‘rs, ajid rarely in eluinks and in sand. On algin agar plates, they cleared 
tlie opacity, formed tia»)sparent zoiu's or ‘halos’ due to the utilization of alginates 
and (*ven softemal the agar in Si)me eas<\s. In lu|uid enriehment cultures gas waas 
{ilso produced. All tlu‘ isolates studi(*d were gram negative noTi-s})ore-forining 
ptu’itri(*hous oi* non-mot ih^ rods, Ix^longing to the giaius Baclcri aai . Some of them 
(!Ould b(^ identilied with Bacte rium alijiNororuyti (Waksman ct al.^ 1931). A descrip- 
tion of these is given in Table TV. 

Cellntmc ditjeMituf lutcleriar — Vhv sea-wait(U' and sand wore devoid of bacteria 
dig(\sting ei'llulose. or utilizing it as a sole source' of carbon. But tlie flesh of elianks 
(Xanen^H pyrum) and fusirl oyst (‘i s (Binctada valgariM) showed tlie ju es(mce of this 
group in 10~'^ dilution. Grov('th of the organisms oeeiirred on the filter })aper 
partially dipping in Iht^ ce!lulos(‘ enrichment nu'dium (Waksman cf ah, 1933c) but 
only at the (•xf)osed and not at tlu' submerged portion. Growth was evident in 
2 days and in 4 days, the papiu* was cut up at, tlie licpiid-pajcr interface. Gradually 
the filter paper turned transparent due to digestion till it filially broke dowui. Puri- 
fi(*ation of the culture was made by scwial dilution. Two tyfu's of organisms were 
noted — one, a miniiti' gram lU'gativac non-sporing, actively motile, monotrichous 
rod, and the other, a very actively motile spindle-shaped organism, resembling 
Oelhfascicula. 

Chain diqeMcrs . — Tliey were freipiently reeovt'red from chanks and pearl 
oysters, but less often from sand and sea-waiter. After enrichment and purification 
by serial dilution, the aiiility of these organisms to utilize chitin as the s( 3 le source 
of carbon and nitrogiai was tested, l^nre colonies were isolated on chitin agar 
plates and studied in detail. An aeeoiint of one new species of ‘marine’ chitin 
digesting bacterium Pscudoaunuhs chitinovora is given by Sreenivasan (1955). It 
was shown to sohibilizi* chitin very rapidly, liberating ammonia. Subsequently 
many more cultures ha\(‘ been isolated and studied. All these were monotrichous 
gram negative rods belonging to Pseudomonas. Surprisingly, they were all denitri- 
iiers, rapidly liberating nitrogen from nitrates. This explains tlie gas production 
observed in chitin enriehment media during primary isolation. 

Copper haeJeria . — Waksman et al. (1943) isolated some bacteria from sea-w^ater 
and submerged slides tolerating a maximum of 200 mg./L. of CUSO 4 . 5 H 2 O. In 
view of tile role of film forming bacteria in fouling submerged materials (ZoBell, 
1910) and their role in affecting the antifouling paints, the copper tolerance of 
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inariiie bju toria was stiidied by plating out 8<*a.watei\ chank flesh and pearl oyster 
flesh on nutrient sea-water agar containing 2r>0 p.p.m. CuR04.r)H20. The" sea- 
water bacteria did not grow in tin's concentration ot (JuSOi, but a large ninnber of 
colonies apj^eared from chanks (7,300 per gm.) and a feu from ])oarl oysters (5 |w 
gm.). After purification on CUSO4 agar, pure cultures wcie studied in fletaib 
These ‘copper* bacteria formed brownish copper coloured coloni(\s. Some tolerated 
even 1,000 p.p.m. of CUSO4.5H2O, while four cultures from pearl oysters tolerated 
up to 750 p.p.m. This tolerance of high concentration of C;uSO.^ is highly interest- 
ing, since \'erv few workers have investigated these groups of liacteria. Wood 
(1953) noted that ])rimary film forming bacteria tohuated a maximum of uj) to 
250 p.p.m. of CUSO4. Of further interest is the fact that tlu*s(^ organisms are also 
denitrifiers. They bidonged to the genus Fsendomonm, FUwohaeferium and Ach- 
romobacter (Sreenivasan, 1956), 

DeMitrifyimj harferia, — Bacteria liberating gaseous nitrogen from nitrates 
appear to be quit(^ abundant in tro]>ical marine environments, 'riiey were quite 
often detected in 1 c.o. quantities of surface sea-water and sometimes in bottom 
water also. Chank flesli and pearl oysters invariably (Contained denitrifying 
bacteria evcui in 10^^ dilutions. They were capnble of producing gas from the 
medium of Waksman et al. (1933f/), as also from nitrate- peptone broth. These 
‘marine’ denitrifiers were all moMotrichous, non-fluoroscent , grain negative rods 
belonging to the genus Psewhnnonnfi. The denitrifying activities of similar ba<d(>ria 
have beeui studied in detail (Srecniva.san and Venkataraman, 1956). Utilization of 
amino acids by svime of the denitrifiers has also been reported upon (Venkataraman 
and SriMMiiv^asan, 1955). An account of chitinophilic denitriliers is already given 
on page 360. It was noted that with only mineral salts, plus chitin and jiotassium 
nitrate, some of the (jliitinophilic bacteria liberated gas. So also with only ammonium 
sulphate. KNO3 aiid glucose, gas was liberated by these, confirming our earlier 
observation that denitrification is possible in marine environments also. Besides 
th(^s(‘, some members of the genus Baclniarn wliich digest alginic a.cid were also 
.seen to he denitrifiers. I’lie copper tolerant dcnitrific^rs (page 300) may play some 
part in fouling by virtue of precipitation of CaCO^ due to the denitrifying 
activities and thereb}^ increasing the (ZoBcIl, 1946). The abundance and 
ubiquity of these denitrifiers and the poverty of nitrates in tropical waters explain 
the role of these in the depletion of nitTates. 

TAnninp.scent bacteria. — Quite a number of bacteria from sea-water were phos- 
phorescent, but this property was lost on sniiculture. Bacteria isolated from pearl 
oyster showed a large number of highly luminous colonies. Wood (1953) also 
recorded the occurrence of such bacteria in Australian water. 

Lactose fermentinq bacteria. — Sea-water 10 miles off-shore (examined in three 
‘paars’ at different p(?riods) did not reveal the presence of coliforms. The chank 
flesh and peail oysters (K)ntained some coliforms, the latter 17 per 100 ml. It is 
thought that they arc adventitious and further work is necessary. 

Sulphate reduciruj bacteria . — In the denitrification medium of Waksman d al. 
(1943), inoculated with bottom sand, at first nitrate reduction occurred with the 
liberation of nitrogen. Later, it was seen that there w^as blackening of the sedi- 
ment accompanied by the smell of hydrogen sulphide, indicating the presence of 
sulphate reducing bacteria. Sea-water and other marine materials were inoculated 
into Van Delden’s medium. Surface and bottom sea-w^atcr did not show the 
presence of sulphate reducers but the off-shore sand did. Chanks and pearl oysters 
showed positive sulphate reduction even in 1: 1,000 dilution indicating the large 
numbers of sulphate reducing bacteria. These were found to be also donitrifiers. 
They were long, flexuous, motile rods. It was found difficult to obtain pure cultures 
of these by cultivation on the laboratory media. Better growth was, however, 
obtained in media with thioglycollate indicating the low-redox potential under 
which they grow. 
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Strain 

No. 

S.l.lli 

H(i.l4 

S(1J7 

S(I.I8 

SW.8 

sw.o 


Table 


.1 description of agar 


('ultural characteristics 

Morphology 

Broth 

Potato 

Oningo yollow, <ur- 
cular, in<)ist, undu- 
late, smooth, buty- 
roiis, deep saucer- 
shapod depression aiul 
liquefaction. Fishy 

smoll. 

Rods, curved, C- A; S- 
shaped, motile, long, 
thin, variable length, 
gram negative. No 
spores. 

Turbidity, pell- 
icle and thick 
ring. 

Brown, warty 
growth. 

Grey translucent, glis- 
telling, Hinooth, agar 
dtipres.sed. ! 

i 

! 

i 

Hods, short, oiiipsoi- j 
dal, non -motile, 

gram negative. No 
spores. 

Turbidity and ; 
ixdlicle. 

1 

! j 

t ' 

! 

Saffron col(uire<l, bright 
glistening, smooth, 

liipiofyiiig agar. 

Bods, gram negative, 
long, curved, slender, 
non-motile, single and 
pairs. No spores. 

I 

i Uniform turbi- 
dity. Orange 

rod ring. 

! Scanty stroak.s. 

1 " 1 

1 

i ! 

()rang(> yellow, gli.Hton- 

Gram negative, very 

. Turbidity and 

i 


inj;, <Mn ula.r, smooth rod.s, rurv'od mo* pclliclo. Broth 

VISCOUS. ‘ t'nitor ’ hk(i tilo, p>ritrichio. No turius brown. 

(io{)rossi(*n urid liquo- sporo-s. 

faction of agar. j 

Amine odour. i 


Oraiigo yellow, smooth, Bod.«, straight, curved. Uniform tnrbi- Rose streaks, 
glistening, depression, etc., gram negative, dity. 

formed and litpietied. motile, plemorphio. 

Fishy odour. peritrichous flagella, t 


I - ; 

I White, circular, entire Gram negative, single, , Turbidity and 

depressed colony. pairs tuid chains, mo- fragile white 

Agar liqueflcHl slowly. tile, monotrichous. pellicle. 


; White, circular, entire Rods, motile, gram ; Uniform turbi- 
deprossod, agar slow- negative, coccoid, | dity. Fragile 

ly liquefied. Foul slightly curved, mono- pellicle ray 

j amine smell. trichoua. ring. 

I : i 
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HI 

bacteria 


Citrbohydrat-es, sugars 

ilgS 

Indole 

Gelatin 

fhirple milk 

Nitrate 

rt^duction 

Growth in 
fro.sh-waU^r 
mo<.lia 

■ 

Glucos<\ nrabinoso, 

siKTosi', rnaiiriitoj- 
acid; lactose — no 

chiuigc; starch hy- 
drolysiHi . 

' 1 

; ! 

! 1 

Rapid lique- 
faction. 

NC 

' 

Keduood to 
nitrate. 


Starch hydrolysed; .. 
glucose, sucrose-- , 

acid ; lactose — no i 

change, 1 

Kapid lique- 
faction. 

N(' 

lieduced to 
nitrate. 


Glucose, «ucn) 80 , • . | 

mannitol acid, lac- i 

toso — no change; | 1 

starch liydrolyaed. j 

; 

Liquefied 

slowly. 

NG 

Reduoofl . 


Glucose, sucrose — 

acid; lacto.so, man- 
nitol — no change; 

starch hydrolysed. 



I 1 

i Rapid lique- 
faction. 

1 

Alkaline pep- 
tonized. 

i 

Reduced. 


Glucose, sucrose, man- 
nitol — acid; lactose 
— no cliango; starch 
hydrolysed. 



Kapid lique- 
faction. 

Coagulated 
acid (slow). 

Reduced . 


Sugars — no change; , . . ; 
starch hydrolysed. 

1 1 

Liquefied. 

No. 

Reduced. 

1 

i 

Sugars — no change; . . i 

starch hydrolysed. | 

1 i 
' 1 

1 Rapid liquo- 
i faction. 

! 

No. 

1 1 

lieducod. 




Table 1\ 

Al(]it.ir. acid digc>y'!.iu>j KKtctcru 
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SW.46 Circular, cream white, raised, entire, | Rods, gram iiega- Uniform Tiirbidity Giucos^*, suerose. Slow- 

smooth; slant: cream yellow, buty- j tive, rion-motile, maltoso - n«' Iv 

i rous, abundant, glistening, smooth; : medium sized. change; starch alka- 

j algin plate: raised circular, moist, | Single and pairs. hydrolysed. Hn(\ 

digests algin, softened agar. | No spores. 
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V rm-spliUiufj bacteria. — Bacteria splitting urea and liberating ammonia were 
prasent in sea-water in 01 c.c. quantities in sand and in clianks. They were also 
reconled from the surface flora of sharks. The urea-splitting bacteria from chanks 
were studied in detail. Some of them producer! amntonia from urea, but none 
appeared to be profem. They were all gram negative, non-s{K>re-forming rods, 
either motile or non-inotile with polar or peritrir hous flagella. The polar flagellated 
organism was identical with the denitrifying cop])er lolt rant IKsendottionat; des- 
cribed earlier. 

Bruderial flora of .sea-iVidtr. — Ih^prcscmtativc cultures ot surface and bottom 
.sea-water were subjected to detailed morphok>gieal, cultural and bioehemieal t(>8ts. 
As in our earlier studies (V’^enkalararnaii and Hreenivasan, lOota, />) Bacillus was 
the single dominant group. Six of the Bacillus eultures were ehromogenie, three 
being rose red. It is particularly interesting to iiole that the.se red Bacillus oecurred 
quite often in sea-water and in lish in the Mt‘.st coast also. Bacterium and non- 
ehromogenie Pseudomouas also occurred in some (|iinntities. ('oryrudxtcierium ami 
Achromobacter were found in lesser numbers. Other gemaa represente<l, but in 
iiisignificant numbers, are Fhivobacteriiun, I ihrio, ChromobaeJen luri and Micro- 
bacterium. Of the 35 eultures, nine had yellow clironiogcais and live red. Motility 
and gelatin liquefai^tion seem to bt* a normal propi rty ol niai ine ba(*teria : 2fl taiHures 
out of 35 were motile and 2S licpiefied gelatin. As in our c‘arlier stmlies, ^^e iiotic^ed 
very f(‘W ‘marine’ bacteria fermenting sugars, IIow('V(M‘, all tlu^ eultures 

hydrolysed starch. Starch liydroly.sis is 1‘airly common (Zolh‘lK IfMb; Wood, 1953) 
des])itc the fact that this form of carbohydrat(‘ does not occur in the s(‘a. 1 wo oi the 

Pseudomonas produced indole and llivec HuS, while om^ Bacterium producial HgS. 
‘Fisliy' and foul odours >vore produced ou laboratory media by two Pscudoworuis 
indicating the prohabh* I'ole in iisli spoilages Nitrate jedu(‘tioji was common among 
.sea-water bacteria, 21 out of 35 reducing nitrates to nitiites and some ot thein oven 
liberating nitrogen. Twenty per cent of cultures peptonized milk. Sixteen 

cultures are strictly ‘marine’ forms failing to grow in fre.sh-water media. 


Discussion 

d'hc prodiK'tivity of the seas depends ultimately on the transtormations ol 
nitrogen and carbon compounds, mainly due to bacterial activities in the mud, 
water and the mud-water interface. 1'hc exi.stence ol a hioeheinieally versatile 
flora assists in tli<^ mineralization of organic matter, decomposing even inert 
materials, such as lignin, chitin, cellulose, etc. As a result, mainly ol tlie work ol 
ZoBcll and Ins associates, ba(‘.teria are also known to play a prominent role in 
petroleum genesis. A study of marimi bacteria i.s also neces.sitated by their role 
in spoilage offish with which vve are more eoricerned. 

The existence of a spec’ial bactciial flora as an ecological group is evident. 
The inhospitable nature of sca-water to terrestrial forms is clearly seen Irom the 
decrease of ^ total’ counts as well a.s colifonn counts with progressive distance from 
tile land. The presence in sea-water of agar digesting bacteria lias been recordcnl 
by Waksman rt al. (i933c), by ZoBell (194(1) and by Wood (1953). Their presence 
in largo numbers in the bottom sand and in the ehanks will aid in the decomposition 
of this polysaccharide. The agar and algin digesting bacteria may also attack 
the algae themselves and decrease their content ol these pliyeocolloids. The 
association of biochemically active groups of bacteria with chanks and pearl oysters 
is of benefit to these molluscs. It is indeed an example of ‘mutualism’. The 
presence of cellulose digesting, chitin digesting, agar digesting bacteria, etc., perhaps 
assists in the digestion of these materials by those molluscs. Such symbiotic chitm 
digestion is also reported by Jenniaux (cited by Hackmann, 1964). Hungate s 
(1950) review that the cellulose digesting capacity of termites is due really to the 
presence of bacteria supports the above reports. 
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The (>ccuiT<Mic;e of large numbers of denitrifiers on these animals need some 
explanation. The coral reef formation in tropics has been attributed to the 
actiWties of denitrifying bacteria, which precipitate CaCOs (Bavendamm, 1931 ; 
Drew, 1911, 1913). Pr(d>ubly the shell formation in these molluscs is aided by this 
process. The r61(3 of denitriiiers and sulphate reducers in calcium carbonate preci- 
pitation has l>cen extensively and excellently reviewed by ZoBell (1946). Since 
sulphate rc(liic;ers were also present in these molluscs, conditions for calcium car- 
bonate f)re<;ipilation arc favourable, as the removal of acidic radicles like sulphates 
and nit ral<i8 leaves an alkaline medium necessary for calcium carbonate precipita- 
tion. At pre.sent, pearl formation in i)earl oysters is attributed to the irritation 
c^ausc-d l)y certain parasites. The possibility of bacteria initiating chemical ‘irrita- 
tion’ and/or Hubsef|uently depositing CaCOs by a process of denitrific^ation and 
sulpliut^^ reduction appears to be an attractive theory. In this connection Drew’s 
(ixperiinents (1911) are worth citing — ‘ . . . The addition to this culture of very 
line i)articles of calcium sulphat<3, or of larger particles of sand, resulted in the 
aggregation around them of particles of calcium carbonate, forming a concentrically 
laminated concretion ar(*und a central nucleus. These were hard and of almost 
crystalline appearances .... Once this process of concretion has been initiated it 
appears to progiess independently of the presence of particles which act as nuclei 

’ Mort* of fundamental research is needed to elucidate the mechanism of 

pearl formation based on Drew’s hypotln^sis cited above. 

Bacteria tohuating such high concentrations as 750 to 1,000 p.p.in. of 
(JuS 04 .r)ll 2 () have liot been reported so far. These bacteria isolated from chanks and 
pearl oysters are slimy and could ])robably form films on submerged materials, 
d'heir denitrifying faculty is further interesting in that this also assists in film forma- 
tioti (ZoBell, I94fi). 'riuis, these ‘copper’ baettnia might assist fouling organisms 
by attacking tlie (?opp(’>,r f)aint com[)Osition, by forming films, by forming tlie food 
of fouling organisms and in various other ways mentioned by ZoBell. The ubiquity 
and abundajice of doniti ifying bacteria are significant. Tliey might certainly affect 
the nitrate eontont of s(*a-wattM’ and eause loss of nitrogen. Existence of bacteria 
()rodu(ang gas from nitrati's in the presence of chitin, algin, agar, etc., as enumerated 
in this paper, (dearly indicates that denitrification can take y^lace in the sea, despite 
the poverty of soluble form of organic matter. ’Hie |)arl })layed by the mesophilic 
saprophytic* bacteria in fish spoilage will be evident from the fact that the cultures 
were proteolytic and produced indole, H 2 S and other offensive odours. The 
presence of large numbers of spore-forming bacteria is again a problem in heat 
processing of fish. 

Summary 

Tlio bHctorial population of ofY-shoro soa-water is sparse, but there wore vermitilo physio- 
logi<’al groups present to a small oxU^nt in soa-wator and to a greater extent in the bottom sand 
and in benthic mimals. The prosonco of these groups such as agar digesters, algin digesters, 
ooiluloso (.ligcsters, urea splitters, sulphate reducers, etc., brings about transformation of organic 
matter in the s(3a. I3y their symbiotic aasociation with the chanks and other molluscs, it is 
thought that they aid in the digestion of chitin, colluloso and other stable polysaccharides. The 
presence (jf denitritiors in sea water and in fissociation with the inoUus(?8 may bring about the 
precipitation of calciiun carbonates in sea by removing the acid radicles, such as sulphates and 
nitrates, inerwising alkalinity, etc. YVhether a similar mechanism may bring about pearl forma- 
tion neods investigation. The role of ‘copper* bacteria in the fouling of submerged materials 
is discussed. (k)ljforms did not survive in sea-water beyond five miles from shore and the 
inllow of town sewage had no effect beyond to three miles from the shore. The bacterial flora 
of sea- water consists of Bacillus^ Pseu^fiona^, Bacterium, Corynebacterium, Achramobacier and 
other genera of lesser importance. 
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